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PREFACE 


This woik contains elementary pi oofs of the puncipal 
properties of Conics, and is intended for students who 
proceed to the study of the subject after finishing the 
first six books of Euclid, the curves have not, theiefoie, 
been defined as the sections of a cone, although that 
method has the sanction of history and antiquity m its 
favoui , and for the same leason, no use has been made 
of the method of projections 
As regards the arrangement of the subject, I have 
thought it best to devote separate chapters to the para- 
bola, the ellipse, and the hyperbola The plan of starting 
with a chapter on general conics, in which some funda- 
mental propositions aie pioved by methods applicable 
to all the three curves, has no doubt the advantage of 
securing an appearance of brevity But, I believe, be- 
ginners find the subject more intelligible when the pro- 
perties of the three curves are discussed separately 
Besides, m the other method students, and even writers 
of text-books, are apt to overlook the neceasity of 
modifying an argument on account of the fundamental 
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cbftetence m the figrnes of the seveial cmves, see, foi 
instance, Chap II, Prop x, and Chap HI, Prop ix, 
which are oidinanly pioved by identically the same 
aigument Also, as the properties of the hypeibola are 
pioved, wheievei possible, by the same methods as the 
coi responding propeities of the ellipse, it is obvious that 
this anangement does not tend to increase the work of 
the student 

As to the piopositions included in each chaptei and 
then sequence, I have not been able to adopt wholly the 
scheme of any previous writei, but I ventuie to hope 
that the book includes all the classical piopositions on 
the subject, aaranged in then propei logical older 
Every attempt has been made to render the proofs 
simple and easily intelligible, though I have nevei sacn- 
ficed accuiacy to brevity Thus, foi instance, I have 
not followed the piactice of refernng to a pioposition 
when the truth of its conveise is leally assumed — a 
piactice which has, in at least one instance, led to a 
remarkable enoi m the treatment of conjugate dia- 
meters m a famous text-book Koi have I attempted 
to secure a fictitious appeaiance of conciseness by adding 
to each proposition a list of corollaries by no means less 
important than the proposition itself, and freely using 
them foi the purpose of deducing subsequent pioposi- 
tions 

The exeicises, of which there aie about eight liundied, 
have been selected with gicat caie, moie than six hun- 
dred ot these ai& placed undei the difieient piopositions 
from v hich they may bo deduced, they aie foi the most 



PREFACE 


vn 


part of an elementary chaiacter, and have been carefully 
graduated. Hints and solutions have been liberally 
added, and these, it is hoped, will prove materially 
helpful to the student, and render the subject attractive 
The attention of the student has also been directed to 
various methods of graphically describing the curves, 
including those used in practice by draughtsmen, and 
some very neat problems have been added from Newton, 
Book I , Sections iv and v 

At the end of the table of contents will be found a 
course of leading suitable for beginners 

o o 


GaLCU fTA, 
19/A April , 1893 
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GEOMETRY OF CONICS. 


INTRODUCTION 

A Conic is a curve traced by a point which moves in a 
plane containing a fixed point and a fixed stiaight line, 
m such a way that its distance fioin the fixed point is m 
a constant latio to its pel pendicular distance fiom the 
fixed straight line 
The fixed point is called the Focus 
The fixed straight line is called the Directrix 
The constant latio is called the Eccentricity, and is 
usually lepresented by the lettei e 
When the eccentnuty is equal to unity, the Conic is 
called a Parabola (<j=1) 

When the eccentricity is less than unity, the Conic is 
called an Ellipse (c < 3) ’ 

When the cccentucity is gi eater than unity, the Conic 
is called a Hyperbola (e > 1) 

The straight line drawn through the focus perpen- 
dicular to the directux is called the Axis of the Conic 
The point (or points) m which the axis intersects the 
Conic is called the Yfrtex 

The Cornea arc ao called fiom the cucumaUncc that they are, 
and "were originally studied as, the plane sections of the surface 

A 




CHAPTER I 


THE PARABOLA 

DESCRIPTION OF THE CURVE 

We have seen that the eceentucity of the paiabola is 
unity, that is, the distance of any point on it fiom the 
focus is equal to its perpendicular distance fiom the 
directrix 

The parabola may be mechanically constiucted in the 
following manner 


k 

u 


\ 


Let S be the focus and MX the dnectnx ; and let a 
rigid bar KMQ, of which the poibions KM and MQ are 
at right angles to each othei, having a stung of the same 
length as MQ, fastened at the end Q, be made to slide 

3 
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paiallel to the axis SX with the end M on the directnx; 
then if the other end of the stung he fastened at the 
focus S, and the stung be kept sti etched by means of 
the point of a pencil at P, m contact with the bar, it 
h evident that the point P will traco out a paiabola, 
since HP is alu ays equal to PM 

D\ A point moves so that the sum of its diutam.es from a 
hxttl | point and i luted straight line is constant Show that it 
dc-tcrim. i a parihul u 

In the above Injure, the sum of the distances ot P from S and 
tin str light line thiough Q parallel to XK is evidently constant 

Proposition I k, 

Gucn the focus and the dueclrii of a pai ahola, to 
determine any nnmbei of points on it 



J.< t S 1 c the focus and MXM' the directnx Through 
S draw is 'X pcrpcndicului to the directrix, and bisect SX 
in -1 * tht a .1 is a point on the paiabola, since SA = ^.lX 
T.iho any point X in SX oi SX produced Thiough 
X thaw PXP’ peipuulicular to XX , with centre S and 
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ladius equal to XX, descube a cncle cutting PXP' at P 
and P' , then P and P' shall be points on tbo paiabola 
Diaw PM and P’M peipendicular to the dnectux 
Then PS =2 (X, by consti ucfcion, and PM=XX, being 
opposite sides of a lectangle , theiefoie PS = Pil/ Simi- 
larly it may be shown that P'S = P > M. Therefoi e P and 
P ' aie points on the paiabola. 

In like manner, by taking any othei poiut in SX, any 
number of points on tlio curve may be detei mined 

Ex 1 The parabola is symmetrical with respect to its axis 
Tins follows fiom the fact that PI* is bisected at light angles 
by XS 


Def. A cuivo is said to be sijmmet) lud with o espect 
to a stiaujhb line, if, concsponding to any point on the 
curve, theie is another point on the cuivo on tlio othei 
side of the sti.ughb lino, buch that the choid joining them 
is bisected at light angles by the stiaiglib line 


«}e\ 2 Alto nati te Construction — J om the focus S to any point 
Jf cm the dncctiiv , draw light angles to the dircctux, and 

make the angle MSP equal to the angle isMP P is a pouit ou 
the parabola 

^ Ex 3 Altornalne Consti notion — Bisect SV iu E, and di iw 
EP perpendiculai to S I/, meeting 2Ll > m P P is a point on the 
parabola. 


For another construction, see Prop X , E\ 
jEx 4. Describe a paiaboli of wliieli the 


focus and veitex aie 


gnen 

' E\ 5 Given the focus S, and two points P, Q on the pirabola, 
construct it 


The directrix will bo a common tangent to the two circles 
dcauibed, with ccntics P, Q and ruin oP, SQ rcspectivelj 
4 Ex 6 Tlio distance of an> point inside the parabola from tlio 
focus is lcs3 than its distance fiom tlio dnectnx. 

4 Ex. 7 The distance of any point outside the parabola from the 
focus is greater than its distance from the directrix 

Ex 8 A straight line p irallcl to tho axis of a parabola meets 
tho curve iu one point only 

^ Ex 0 Tlicie is no limit to the distance to which the parabola 
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maj extend on both sides of the axis, so that the parabola is not 
a closed curve 

It is obvious that the point JV may be taken anywhete on the 
,axis 

* Ex 10 Any two right lines drawn fiom the focus to the curve 
on opposite sides of the axis, and equally inclined to it, are equal , 
and com erseh 

Ex 11 If SM meets m Y the straight line drawn through A 
peipendiculai to the axis, SY= YM, and PY is at light angles to 
SM and bisects the angle SPM 

Ex 12 If SZ is drawn at right angles to SP to meet the 
diiectrix. m Z, PZ bisects the angle SPM 
Ex 13. P&p is a right line passing through the focus and 
meeting the parabola m P and p PM and pm are perpendiculai 
to the dnectnx Show that MSm is a right angle 
Ex 14 The locus of the centie of a cncle winch passes through 
a gn en pomt and touches a given straight line is a parabola 
Ex 15 The locus of the centre of a circle which touches a 
given cncle and a given straight line is a parabola 
The focus is the centie of the given circle, and the directux a 
light line parallel to the given one at a distance fiom it equal to 
the radius of the given cncle 

Y^> Ex -16 PSp is a straight line tin ought the focus S, cutting the 
parabola m P and p PA\ pn «ue drawn at right angles to the 
axis Prove that JuY An— AS 2 
Ex. 17 Gn en the directrix and two points on the curve, 
construct it Show that, in general, two parabolas satisfy the 
conditions 

Ex 18 If from a point P of a cncle, PC he drawn to the 
centre C, and R he the middle point of the choid PQ drawn 
parallel to a fixed dumetei ACB , then the locus of the inter- 
section of CP and Jit is a parabola 
The focus will be at C, and the dnectnx wall be tlie tangent to 
the circle at A 


PROPERTIES OF CHORDS 

Def. The choid (QQ') of a come is the finite stiaight 
line joining any two points (Q, Q') on the curve 

^/Def. A. focal choid (PSp) is any chord diawn thiough 
the focus (S) 

Def The latus i ectv/rn {LL') of a conic is the focal 
chord drawn at light angles to the axis 
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Def. The Jocal distance ( SP ) of a point (P) on a conic 
is its distance from the focus 

Def The oidmate (PIT) of a point (P) on a conic is 
the perpendicular from the point on the axis 

Def The abscissa (JLV) of a point (P) on a parabola, 
with lespect to the axis, is the poition of the axis be- 
tween the vertex and the oidmate of the point 


Proposition II */ 

The latus ledum of a paiabola is equal to jour times 
the distance of the Jocus fioni the vet tec (LL'=4AS) 



Let LSI/ be the latus 1 ectum Draw L2I perpendiculai 
to the dncctux 

Since the parabola is symmetrical, with lespect to the 
axis, LS—L'S Tlieiefoio 

LIJ = 2LS~ 212 f= 2XS = ±AS 

i 

Ev 1 Find a double oidmate of a parabola winch s>liall be 
double the litus rectum 
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i Ex 2 Tlie radius of the circle described about the triangle 
LAL '= | latus rectum 

Ex. 3 Find the point 0 in a given ordinate P2T, such that OR 
being drawn parallel to the axis to meet the crnve m if, 02T+0R 
may be the greatest possible. [O.V=2J,S'] 

♦Proposition III 

Any focal choid of a pai abola is divided harmoni- 
cally by the curve, the focus, and the dv> ectnx 
Def. A straight line AB is said to he divided har- 
monically in. 0 and O', if it is divided internally m 0 and 
externally m O', in the same ratio, that is, if 
AO OB— AO' O'B 



Pioducc the focal chord PSp to meet the directrix m D, 
and draw P M,pm from P, p, perpendicular to the directrix. 
Then, from the similar triangles BMP, Bmp, 

PB pB=PM pm 
But PM=PS, and pm=pS 
Therefoie PB pB=PS p3 
Hence Pp is divided haimonically in 3 and B 
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Ex 1 
Ex 2. 


Pro\ e that 
Prove that 


1 + -L= J- 

PS PD Pp 

L + _L = JL 

DP Dp DS 


Ex. 3 The scnii-Ia.tus rectum is a haimonic means between 
the two segments of anv focal chord of a parabola 
„/Ex 1 Focal chordb of a parabola me to one another as the 
rectangles contained bj their segments. 


Proposition IV 

The square of the ordinate of any point on a para- 
bola in equal to the lectunyle contained by the lalus 
rectum and the abscissa (PN 2 = iAS AN) 



Draw PM peipendiculai to the dnectrix, and join SP 
Then, because Xti is bisected m A and pioduced to N, t 
NX*=SW+ IAS AN [Euc II 8 

NX-PM—fiP 
NX 2 = SP 2 = SN- + PN 2 
PN-^bAS AN. 


But 

Therefore 

Therefore 


[Euc I 47 
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l By. 1 If PL be drawn at right angles to AP , meeting the axis 
in L, XL 1 * always equal to the latus rectum. 

Ex. 2. Ir a circle be described about the triangle SPX 3 the tan- 
gent to it from A =\PX 

Ex. 3. A straight line parallel to the axis bisects PX, and meets 
the curve in Q , XQ meets a line through A at right angles to the 
axis, m T Prove tnat 3AT=2 PX 

Ex. 4. If SQ be parallel to ALP, and QM be the ordinate of Q, 
proie that SJP—AJf AX 

E\ 5 If 0 he am point on a double ordinate PXI y , and OQ 
parallel to the axis meets tlie uin e in Q, show that 
(l) OP OP =4 AS OQ, 

(u.) PX OX =011 QR. 

Ex. 6. PXF is a double ordinate of a parabola. Through Q, 
another point on the curve, straight lines are drawn, one passing 
through the vertex, the other parallel to the axis, cutting PP m l, 
l Prove that PX i =Xl XC 

Ex. 7 A circle luu, its centre at A ami its diameter is equal to 
3A5 bliow that the common chord of the circle and the parabola 
bisects AP 

Ex. S AP, BQ are two hues at right angles to AB , A is joined 
to am poiut Q on BQ , a point 0 n> taken on AQ such that the 
perpendicular OX on AP=BQ Prove that the locus of 0 is i 
parabola. [Axis, AP, Laras rectum, AB] 

Ex. 9 PJf, QX are the ordmntea of the extremities of two 
chords AP, AQ ■which are at right anglea to each other Prove 
that AM A.V=^Latu» rectum) 3 

'Ex. 10 Tlie latua rectum is a mean proporrioual between the 
double ordinates of the extremities of a focal chord (See Prop L, 
Ex. 16\ 

Ex. 11 PSp is a local chord , prove that AP, Ap meet the latus 
rectum in points whose focal distances are equal to the ordmatea of 
p and P respective!' (Appl> Prop I , Ex. 16.) 


S 


Proposition Y 



Tin. locus of the Middle joints of any system of pay allel 
aioals o f a paiabola is a stiaight line pay allel to the 
avis 

Let QQ be one of a system of parallel chords. Draw 
QM, O’ AT perpendicular to the directrix Draw SY 
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peipendicular to QQ', pioduee YS to meet the directnx 
in K, and diaw KV paiallel to the axis Then KV shall 
bisect QQ'. Join KQ, KQ', SQ, and SQ' 



Then 21 IP —KQr—MQ 1 [Euc. I 47 

—KQ 2 —QS~ 

But KQ 2 =KY 2 +QY 2 [Euc I 17 

and QS 2 ~SY 2 +QY 2 [Euc. I 47 

Therefoie M1P=KT—SY 2 

Smnlaily 2I'1P = KQ' 2 -2I'Q' 2 

=KQ' 2 -Q'S 2 

^ICYt-SY 2 


Therefoie MK^jKK, 

but, since KV is parallel to MQ and 21' Q’, QQ' is bisected 
at V. 

Now QQ' being fixed m dnection and KSY being per- 
pendicular to it, KSY is a fixed stiaight line and K is a 
fixed point Theiefoie ICV, which is parallel to the axis, 
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is a fixed stiaight line bisecting all choidb parallel 

to qq 

Def A diameter of any curve is the locus of the 
middle points of a system of paiallel chords drawn m 
the cui ve 

It has just been proved that the diameters of a parabola are 
straight hues It will be show n hereafter that the diameters of the 
other conics ai e also straight lines It should be observed, however, 
that a diameter is not necessarily a straight line for all cuives 

Def, The half chords (QV, QV) intercepted between 
the diametei and the curve, are called the o? dmates to 
the diametei 

Def. The abscissa of a point on a paiabola with re- 
spect to any diameter is the pcution of the diameter 
intercepted between the oidmate of the point and the 
parabola 

Def In the paiabola, the te? tea, of a diametei is the 
point in which it cuts the cmve 

Ex. 1 The perpendiculai fiom the focus upon a s> stem of 
parallel clioids intersects the diameter bisecting the choids upon 
the dnectrix 

Ex 2 If a si stem of pai allel chords make an angle of 45" with 
the a\is, tlieir diameter passes through an extremity of the latus 
rectum (see Prop IV ) 

Ex 3 A parabola being traced on papei, find its focus and 
directrix 

The direction of the axis is given by the straight line joining 
the middle points of a pin of parallel choids The position of 
the axis is found by observing that the middle point of any clioid 
at right angles to its dnection lies on it. At any point iV on the 
axis, draw a perpendicular to it JVK=2AJS r Join KA, cutting 
the curie in j£, which will be an extremity of the latus lectum. 
* Ex. 4 The difference between the segments of any focal chord 
is equal to the parallel clioid through the vertex 

Ex 5 QSQ? is a focal chord, QM, Q'M' oie perpendicular to 
the axis. Show that MM' is equal to the parallel chord through 
the vertex. 
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Ex. G AP is any chord tlnough the vertex, and PE is drawn 
at rigid angles to AP, meeting tjie axis m E AE is equal to the 
focal chord parallel to AP 

'Ex 7 The middle points of any two clioids of a parabola 
equally inclined to the a\», are equidistant fioiu the axis 
Ex. 8 If a parabola drawn through the middle points of the 
sides of a triangle ABC meets the sides agaiu m a, p, y, the lines 
Jo, Bft, Cy will be parallel to cadi other [Each ia parallel to 
the axis] * ' 

Proposition YI v / / 

The parameter of any diameter of a paiabola is four 
times the line joining the focus with the vertex of the 
diameter 

l/Def The pat amele r-of a diameter is the length of the 
focal chord bisected by the diametei ; 



Draw SIC at light angles to the focal thoid PSp, to 
meet the dueetiix in 1C , diaw PM, pm at light angles 
to the duectnx, and ICBV paiallel to them Then KBV 
is the diameter bisecting the chord PSp (Prop. Y) 
Join SB 
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Then, since KSV is a light angle, and KB=BS, we 
have 

EB=BS=BV, 

or EV—2BS 

Now, because Pp is bisected in V, 

Pp = PS 4 -Sp = PM +pm 
= 2EV = 

Ex. 1 Given the length of a focal chord, find its position. 

Ex. 2 Diaw a focal chord PSp, such that >S'P—3Sp 

P roposition YII \ (/ 

The oidmate to any diameter of a parabola at any 
point is a mean piopoitional to its parameter and 
the abscissa of the point with respect to the diameter 
(QV S =4,BS BY) 



Let QQ' be any choid Diaw SY at light angles to it, 
and produce YS to meet the directrix m K Draw KBV 
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parallel to the axis, so that BY is the diametei bisecting 

QQ ' m V, QV being the oidmate and BY the abscissa 

[Prop Y, 

Diaw BY' paiallel to QQ\ and QJf, QD, V'G at light 
angles to the duectn\, K V and QQ ' lespectively 
Then QL-—MJO 

=KY 1 —Sl n , [Prop Y 

and, from tlio smnlai tnangles QYD, KYY, and V'VG, 
QD QV=KY KY , ’ 

— Y'C V'Y 
=BY V'Y 

Therefore QV 2 =JO ri ~ V'V 2 

But askin'" is bisectejLxn-i?, TPiod YI 

KV-= V'Y-+ LBV BY' [Euc IT 8 
Theiefore QJ^=4BY BY' 

— LBS.BV [Pi op YT 

Ev 1 If am chord Bit meets Q V and QQ‘ m L and X pio\ e 
tlut BJJ--BX Bit 

E\ 2 If QQ' mucU im chord Bit m X and the diametei 
jtliiougli It m A', pro\e that Q\ -= V.Y J r .V'. 

E\ 3 It Q0(/ he an} chord meeting the diameter It I' in O, 
and Q\ r , O’ V' oidmatcs to thedianictei, then BO- —BY BY' 

Let QII produced meet the di nnett i tluough Q m A’, and draw 
Bit parallel to the otdin itc meeting ATpiodueed in It 
r ih. u QV * (/V’i^BV- BY BY’ 

But <21-! znw/r* DIP, 

BY B\‘~MP, 

BY lilt —Bit BY', 
or BY 11 V— Bit BY 

But BY ltV~QB .QK 

=BO BY', 

BO=*BIt 

Ex 1 If BO I" he the choid bisected In the diametei BOV at 

\0, BO-^QV Q'V 

^Ev. 0 Through a gnen point, to draw a choid of .a parabola, 
which will be divided in a gi\cn mtiu at the point 
Through the gi\en point 0, draw tin diametei BO Then if I', 
V' be the feet of the orduiaUs diawn through the extremities of 
the choid sought, it is clear tlut B\ ' BV is n_s the stpiare of the 
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given ratio Also, BY BY' =B<¥-, -alienee the points Y, Y' are 
[known 

4 Ex 6 If an} diameter intersect two parallel chords, the rect- 
angles under the segments of these chords are proportional to the 
segments of the diameter intercepted between the chords and the 
curve 

If QCf be one of the chords meeting the diameter 5F in F, and 
if 0 be its middle point, 

QY Q’ Y=Q0 s —0Y 2 =4BS BY. 

Ex 7 QQ is a fixed straight hue, and from any pomt F m it, 
YB is drawn in a fixed direction such that BV is proportional to 
QV QY Show that the locus of B is a parabola passing through 
Q, and having its axis parallel to _Z?F 

Ex 8 Given the base and area of a triangle, the locus of its 
orthocentre is a parabola 

Ex 9 BO, BO are any two diameters A line is drawn 
parallel to the ordmate to BO, cuttuig the curve m D, and BO, 
BB, BO in 0, G, E respectively Prove that OB- =00 OE 
(Through B draw a parallel to EO ) 


^Proposition YIII 

If two choids of a parabola, intersect each other, the 
rectangles contained by their segments are in the ratio 
of the par allel focal choi ds 



Let the choids QQ" and q<f mteiseet in. a point 0 
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within the paiabola Bisect QQ' m F, and diaw the 
diameters OR, VB Diaw RW paiallel to QQ' 

Then, because QQ' is bisected in V, 

QO Q'0~QV 2 — 0V 2 [Euc, II 5 

= QF 2 -i2F 2 

=4£F BS-4BW BS [Prop VII 
=4BS WV 
—4BS OR 

Similarly, if bv be the diameter bisecting qq', 

qO q'0=4bS OR 

Theiefoie QO Q'O qO q'O — 4BS 4 bS, 
that is, as the focal chords paiallel to QQ' and qq' respec- 
tively [Prop VI 

The proposition may be similaily pioved when the 
choids intersect outside the curve 

sXEx. 1 If two intersecting chords be parallel to two others, the 
rectangles contained bj the segments of the one pan ne propoi- 
tional to the rectangles contained by the segments of the other pan 
Ex. 2 Deduce Prop III 

Ex. 3 Given three points on % parabola and the dnection of 
the axis, construct the curve 

Ex. 4 Inscribe in a given parabola a tuangle lulling its sides 
parallel to tlnee given straight lines 


* Proposition IX l/'" 

If a arcle into sect a pai abola m four points their 
common chords will be equally inclined, tno and two, to 
the axis 

Let Q, Q', q, q' be the four points of intersection 

Then QO Q'0=q0 q'O [Euc III 35 

Therefore, the focal chords parallel to QQ' and qq' are 
equal to each othei. [Prop VIII 

B 
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And they aie therefore equally inclined to the axis, 
from the symmetry of the hguie (See also Prop I, 
Ex 10) 



Theiefoie the choids QQ', qq' aie equally inclined to 
the axis 

In like mannei, it may be shown that the chords Qq 
and q'Q', as well as the choids Qq' and qQ', are equally 
inclined to the axis 

’ ' ^ If a cucle cut a parabola in four points, two on one side i 

of tue axis and two on the otliex, the sum of the oidmates of the ' 
nist two is equal to the sum of the oidmates of the other two I 
points (See Prop V, Ex 7 ) ( 

■JE\ 2 If thiee of the points aie on the same side of the axis, 
the sum of their oidmates is equal to the ordinate of the fourth 
point 


Proposition X v/ 

If any chcnd QQ' of a parabola intei sects the dwectr%x 
%n D, SD bisects the extenor angle between SQ and 8Q' 

Diaw QM, Q'M' perpendicular to the directxix 
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Then, by smulai tuangles, 

QB-Q'D=QM Q'AT 
=SQ SQ' 

Theiefoie SJ) bisects the extenor angle Q'Sq [Euc VI A 



L Gi\en the focus and two points on a parabola, find tlio 
diruitirv 

The point D, being the intersection of the chord <2 <7 an£ l the 
bisector of the angle Q’Sq, is on the dirccti i\, which touches the 
circle described with Q as centie and radius QS 
VEx. 2 PQ, pq aio foc.il clioids Show tli.it Pp, Qq , as also Pq, 
pQ, meet on the duectm 

If they meet the dnectnx m K, Ii\ KSE! is a light angle 

® Given the focus and the duectux, trace the pai.ibola bj 
means of this pioposition (IToi otiier consti uctions, see Piop 1, 
and Ex 2, Ex 3) 

Determine the veite\ A as the middle point of SX Take any 
point D oil the dtrectux , make the angle DSp equal to the angle 
Do A, and let pa and DA produced meet m P P is a point on the 
parabola. 

Ex. 4 Q is a point on the parabola If OA produced meet the 
directrix m D, MSD is a light angle 

Ex. G PO is a double ordinate, and PA cuts the curve m P 1 , 
show that the focus lies on P'Q 

E\ 6 If two fixed points Q, Qf on a parabola be joined with a 
tuml vauable point 0 on the cuive, the segment qrf intercepted on 
the directrix by the choids <20, Q’O jiroduced, subtends a const mt 
angle at the focus 
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The angle qSif may he proved to be equal to half of the angle QSQ 
Ex 7 If <2 <7 he a focal chord, the angle qSq 1 is a light angle, 
and qX j'Y=(semi-htus rectum) 2 
Ex 8 Show that a straight lino which meets a parabola will, 
m general, meet it m two points, except when the line is parallel to 
the axis, in which case it meets the cun e in one point only , and 
no straight lme can meet the cun e in moie points than two 

Let DQ' he any straight line winch meets the directrix in D and 
the curve m Q Make the angle DSq equal to the angle DSQf, and 
let qS, DQ Y intersect m Q Then since 

SQ SQ=QD QD=QM Q2T, 

Q is a point on the curve If, however, DQ' be parallel to the avis, 
qS will coincide w ith the axis, and D'Q' will meet the parabola m 
the point Q' only (the other point of intersection m this case being 
ieall) at m flint) ) Again SQ, SQ ', being equally inclined to DS, if 
theie be a thud point of intei section Q", SQ, SQ" will make the 
same angle with DS, which is impossible 


PROPERTIES OF TANGENTS 

Def A tangent to a conic is the limiting position of a 
chord whose two points of intei section with the cuive 
have become coincident 



Thus, if P and P' be two points on a conic, and if the 
choid PP' be so turned about P that P may approach P, 
then in the limiting position when P moves up to P and 
coincides with it, the chord becomes the tangent to the 
conic at P 

Again, if a choid PP' moves parallel to itself until P 
and P coincide at a point B on the conic, PP becomes 
m ?ts limiting position the tangent to the curve at the 
point B 
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Hence, a tangent may be said to be a sfciaight lme 
which passes thiough two consecutive oi coincident 
points on the curve 

It will be seen that, geneially, to a choid-piopeity of a 
conic, theie coiresponds a taugent-propei ty 

Thus, m Prop Y,if the choul QQ' moves paiallel to 
itself until O' coincides with Q at the point B on the 
cuive, the chord in this its limiting position becomes the 
tangent to the paiabola at B, which is thus seen to be 
paiallel to the system of choids bisected by the diametei 
BV. (SeePiopXI) 

* Again, in Pi op VIII , let the choids QQ\ qq inteisect 
at a point 0 outside the paiabola Let the chord OQQ' 
be made to tuin about the point 0, until Q’ coincides with 
Q at a point R on the cuive, so that OR becomes the 
tangent to tho curve at the point R, and OQ, OQ ' become 
each equal to OR In like mannei, let Oqq' be made to 
turn about the point 0, until q' coincides with q at a point 
r on the cui ve, that Or becomes tho tangent to the 
curve at the point r, and Oq, Oq , become each equal to 
Or Hence, we have tho following proposition — 

"* The squaies of any two inteisecting tangents to a 
^paiabola axe in tho latio of tho paiallel focal choids 

Ex 1 If OTl/ be tho tangent to a parabola at T, and if OPQ, 
OPQ' be a p ui of parallel tlioi d->, 

ot- ot-=op oq o’p oq 

Ex 2 If TOO 1 bo tlio taugont to a parabola at T, 0 l v a tangent 
from O', and 01 ’Q i chord parallel to 0‘l y , cutting tho clioid of cou- 
t ict l y Q iu It y pro\ c that OP 00-01$ 

From E\- 1, 

op oq or^ar- O't^or 1 ot* 

a Prop XXr,Ex 8 

\ /*Next, in Piop IX, suppose q to coincide with. Q, and 
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therefoie also with 0 , then the cucle and the parabola 
will touch each othei at 0, the chords OQ', oq' being 
equally inclined to the axis Hence 

-If two choids OP, OQ of a paiabola aie equally inclined 
v to the axis, the circle lound OPQ touches the parabola 
at 0 

Ex If one of the choids OP he at right angles to the tangent 
to the curre at 0, the angle OQP- is a right angle 

Similarly, if a cncle touches a paiabola at 0 and cuts 
it again m P and Q, the tangent at 0 and PQ are equally 
inclined to the axis 

E\ If a circle touches a parabol i at 0 and cuts it m P and Q, 
and PU, Q V parallel to the axis meet the circle m U\ T’i show tliat 
UV is parallel to the tangent at 0 

Again, considei Pi op X Let the choid QQ' be made 
to turn about Q, until Q' coincides with Q, so that the 
chord becomes the tangent to the paiabola at the point 
Q The angle QSQ' vanishes, and, therefoie, the exterior 
angle Q'Sq becomes equal to two light angles But 
since SD always bisects the angle Q'Sq, SD will, m this 
limiting position, be at light angles to SQ Hence the 
following pioposition — 

The tangent to a paiabola fiom any point on the 
dnectrix, subtends a light angle at the focus (See 
Pi op XII) 

Def A cucle oi a conic is said to touch a conic at a 
point P when they have a common tangent at that 
point 

Proposition XI v/ 

The tangent to a pai abola at its point of vntei section 
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with a diameter is parallel to the system of chords 
bisected by the diameter' 



Let BV be the diametei bisecting a system of chords 
parallel to QCf 

Let Q(f be made to move paiallel to itself, so that Q 
may coincide "with V Since QV is always equal to QfV 
(Piop Y), it is clear that Q' will also coincide with B, oi, 
the chord m this, its limiting position, will be the 
tangent to the parabola at B 

Ex. Draw a tangent to a parabola making a given angle with, 
the axis 

Proposition XII +*(/ 

The pm turn of the tangent to a pat abola at any point , 
intercepted betvjcen that point and the dhecinx, subtends 
a right angle at the focus. 

Let any chord QQ' of tbe parabola intersect the directrix 
m Z 

Then SZ bisects the extenor angle Q'Sq 


[Prop X 
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Now, let the choid QQ' be made to turn about Q until 
the point Q' moves up to and coincides with Q, so that 



the choid becomes the tangent to the paiabola at Q. In 
this limiting position of the choid QQ', since Q and O' 
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coincide, the angle QSQ' vanishes, and theiefore the 
angle Q’Sq becomes equal to two light angles But since 
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SZ Always bisects the angle Q'Sq, in, this case the angle 
QSZ is~axight angle 

Ex. 1 If a line QZ meeting the cuive in Q and the dnectrix m 
Z, subtend a right angle at the focus, it will be the tangent to the 
curve at Q 

{ Ex 2 The tangents at the extremities of the latus rectum meet 
'the directrix on the axis pioduced 

* Peoposition XIII V' 

If ft om any point 0 on the tangent at P of a pat dbola 
pet pcndiculat s OTJ and 01 be drawn to BP and the 
dit ectnx respectively, then 

8U=0I 



Join 8Z, and diaw PM peipendiculai to the dnecfciix 
Because ZSP is a light angle, [Prop XII 

ZB is paiallel to OU 
Theiefoie, by similai tuangles, 

SU 8P=Z0 ZP 
= 01 PM 
8P=PM, 

8U=0I 


But 

theiefore 
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This property of the parabola is the particular case of a general 
property of all couics disco veied b> Adams 
Ex. If a lme OP meet the parabola at P, and 01, 0 U being 
di awn at l Iglit angles to the directrix and SP i espectivelj , SU—OI, 
then OP will be the tangent to the curve at P 


Proposition XIV 

The tangent at any point of a parabola bisects the 
angle which the Jocal distance of the point makes with 
the pei pendicular diawnfiom the point on the dn ectr\%, 
and conueitely 



Let the tangent at the point P meet the dnectnx m Z 
Diaw PM perpendicular to the directrix, and join SP, SZ 
Then, since the angle PSZ is a light angle, [Prop XII 
SP 2 +SZ 2 = PZ 2 . [Euc I 47 

Also PM 2 + MZ 2 = PZ 2 , [Euc I 47 

theiefoie SP 2 +SZ 2 =PM 1 +MZ 1 

But SP=PM, 

thei efore SZ = MZ 

Now, m the two tuangles ZPM, ZPS, the two sides 
PM, MZ aie respectively equal to the two sides SP, SZ, 
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and the side PZ is common, theiefoie the two triangles 
aie equal, and the angle 8PZ is equal to the angle MPZ, 
that is, PZ bisects the angle SPM 
Conversely, if PZ bisects the angle 8PM, PZ is the 
tangent at P. Foi, if not, and if possible, let any other 
line PZ' be the tangent at P, then by what has been 
proved PZ' will bisect the angle 8P21, which is im- 
possible, theiefore PZ is the tangent at P 

i Yob, — It may be shown from the definition of the parabola that 
the straight line which bisects the angle between HP and PJ/ can- 
not meet the uuve again in any othei point , hence PZ would also 
be the tangent to the parabol v at P, accoidmg to Euclid’s definition 
of a tangent 

Cot ollart/ — The tangent at the veitex of a paiabola is at light 
angles to the axis 

Ex 1 Show how to dmwv'the tangent at a given point of a 
parabola 

Ex. 2 Draw a tangent to a p irabol v making a giv ui angle w ith 
the axis 

4 Ex. 3 If tl e tangent at P meets the ixia iu '1\ SP—&T 

Ex. 1 Two parabolas hav e the samu focus, and then axes In the / 
same straight line, but in opposite directions Prove that thcyV, 
intersect at right angles 

2Tote — Two curves aie said to intersect at right angles when 
their tangents at a common point are at light angles 

Ex 5 Given the veitex of a diameter of a parabola and a 
corresponding double oiduiate, constiuct the curve (Apply 
Prop VII ) 

Ex 6 Jf ZP be produced to R, the angles & ’PR and MPll are 
equal 

xEx 7 PZ biac( ts 5 1/ at light angles 

'Ex 8 Any point 0 on the tangent at P is equidistant from 
Jf and S 

Ex 0 If the tangents to the parabol v at Q and Q‘ meet in 0, 
and QJf, Q‘2P bo the peipuidiculars on the dnectnx fiom Q and Q\ 
OM, Ui &, UM‘ are all equal 

Hence deduce, by analysis, the construction foi Piop XVII, 
namely, to draw two t ragouts to a parabola from an external 
point 0 

^Ex 10 The tmgent at anv point of a parabola meets the 
directrix and the latus rectum in two points equidistant from the 
focus, 
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Ex 11 The focal distance of any point on a parabola is equal to 
the length of the oidinate of that point produced to meet the 
tangent at the end of the latus lectuni (See Pi op XII , Ex 2 ) 

Ex 12 0 is a point on the tangent at P, such that the perpen- 

dicular fiom 0 on SP is equal to 2J5 , find the locus of 0 (A 
parabola of which the vertex is on the directrix of the given one 
Apply Prop VII ,E\ 7) 

Ex 13 If a leaf of a book be folded so that one cornel moves 
along an opposite side, the line of the crease touches a parabola 

Let the leaf PCXS be so folded that S coincides vv lth a point M 
on CX , let the ciease TT' meet XS, PS m T, T‘ respectively 
Draw 1 IP at right angles to CX, meeting TT' in P , join SP 
Then SP—PM, lSPT—lMPT , TT', theiefore, touches at P a 
parabola, of which the focus is S and directrix C 

Def The poifcion of the axis intercepted between the 
tangent at any point of a conic and the ordinate of that 
point is called the subtangent 

* Phopositiost XV v 

The subtangent of any point of a pauibola is bisected 
at the vet tex, that is, as equal to double the abscissa of the 
point with i espect to the axis 



Let the tangent PT at *P meet the axis in T Draw 
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PX, Pil/ - perpendicular to the axis and dnectnx le- 
spectively 

Then, the angle STP = the angle TPM 

= tho angle TPS [Prop XIY 
ST=SP=PM=XX 
AS— AX 
AT = AX', 

XT =2 AX 

i Ex 1 If T i» the middle point of AX, prove that -V is the 
middle point of A $ 

Ex 2 The radius of the cnclc desenbed round the triangle TPX 
is J(SP A A) 

Ex. 3 The locus of the middle points of the focal chords of a 
parabola is another pariboli huui" the s. me axis and pissing 
through the focus (Appl} Pi op V1I,E\ 7) 

Ex L The diameter thiough P meets at E, a, light line through 
S parallel to the tangent at P Piove tint the locus of E is a 
parabola. 

If En be perpendicular to the axis, nS—A T=2A V If S' be 
taken on the axis, such that 2&S' = ^1 S, the relation PN i =*AAS AX 
gives Eir—4&S' Sn, showing the locus to be a parabola whose axis, 
coincides with that of the original one, whose veitex is at S, and 
latu3 rectum half that of the ongmal parabola 
^ Ex 5 If SM meets FT in Y, A r Y— TY 

^ Ex 0 If the tangent at P meets the tuigcnt at the veitex in 
Y,AY-=AS AX 

Ex 7 If &E be the perpendicular from S on the hue through P 
at right angles to P 'I', snow that SE 1 —AX SP (2SE—PT 
Apply Prop IY.) 

Ex 8 Giveu the vertex, a tangent and its point of contact, con- 
struct the curve 

Produce PA to F, such that AF=AP , if the encle on AF as 
diameter meets the tangent at P in T, TA is the axis Then ipply 
Prop XIY 

Ex 9 Find the locus of the intersection of the perpendiculai 
from, the vertex on the t uigcnt at my point w itli the diameter 
through that point (A right line parallel to the directrix Apply 
Prop IV ) 


Thetefore 

But 

Theiefore 
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* Proposition XVI *0 

The tangents at the exti enables of a focal chok'd of a 
'parabola intersect at right angles on the direct-) ix 



Draw SZ at light angles to the focal choid PSp, meet- 
ing the directux in Z Join PZ, pZ, and draw PM, pm 
perpendiculais to the directux 
Then ZP 2 =ZS 2 +SP 2 

-ZM-+PM 2 [Euc I 47 

But SP=PM 

Therefoi e ZS— ZM 

Theiefore from the triangles ZSP and ZMP, the angle 
8PZ= the angle MPZ, and the angle 8ZP= the angle 
MZP [Euc. I 8 

Similarly, 

the angle 8pZ= the angle m pZ, 
and the angle SZp= the angle mZp 
Theiefore, PZ and pZ aie the tangents at P and p 

[Prop XIV 
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Also, 

the angle PZp=\ the angle lIZS+\ the angle mZS 
= one light angle 

4 Ex 1 Show tint Mm is bisected in Z 

\ Es 2 If two tangents be diawn to a punbola finrn iin point 
on the diiectriv, they sh ill be nt light angles 
E\ 3 If peiptiulicuLus through P,p, to ZP, Zp lespectively, 
meet m 0, the distance of 0 fiom the direct! ix vanes .a a PS pS 
(Apply Prop III , Ex 4 ) 

Ex 4 Find the locus of 0 m E\ 1 [A parabola having the 
same i\is as the gn eu one ] 

Ex 5 Show tint the cucle described on the focal tlvoxd Pp is 
diameter touches the directuv at Z 
E\ 6 If a circle descnbed upon a cboid of a paiabola as 
diaruetei meets the dhectnx, it also touches it, and all choids foi 
which this is possible, intersect in a fixed point [The focus ] 

The distance of the middle point of the clioid fiom the dnectnx 
is always greatei than half the choid, unless the thord p,isses 
through the focus 

sE\ 7 Tangents at the cxtiennties of a focal choul cut oft equtl 
intercepts on the latus lectuin (Apply Pi op XIV, E\ 10) 
si Ex. 8 Prove that SM, Sm aie lespectn eh parallel to Zp, ZP 
Ex 9 The locus of the intersection of any two tangents to a 
parabola at right angles to each otliei, is the directi i\ 

Ex 10 Given two tangents at light angles, and then points of 
contact, construct the cun e 


Proposition XVII Uy 

To draw two tangents to a parabola fiom an external 
point 

Let 0 be the external point With centre 0 and 
radius OS, describe a cucle cutting the directrix m M 
and M\ Diaw MQ, M'Q' at light angles to the directrix 
to meet the paiabola m Q and Q' Join OQ and Oty, 
these shall he the tangents lequued 

Join OS, OM, OM' SQ and Sty 
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Then, m the triangles OQM, OQS, the sides MQ, QO aie 
equal to the sides SQ, QO lespeetively, and Oil/ is equal 



to OS Theiefoie the angles OQM, OQS aie equal 
Tlieiefore OQ is the tangent to the paiabola at Q 

[Prop XIY 

Similarly, OQ' is the tangent at Q' 


JTote —For an analysis of the construction, see Prop XIY , Ex. 9 
It should be obsei v ed that m 01 der that the construction may be 
possible, the cucle described with 0 as centie and with radius OS 
i must meet the directrix, that is, the distance of 0 fiom S must be 
1 , ™, greater than or equal to its distance from the directrix 

the parabola 
b intersect the 

” v r'"** wu *« *wuuiia umu b>vu tangents, and no 

1 moie J i can be drawn to a parabola from an external point In the 
second case the point 0 is evidently on the parabola, and the circle 
toiicnes the duectri\, that is, meets it in two coincident points, 
tue two tangents m this case coincide, that is, only one tangent can 
be drawn to a parabola at a given point on it The rhat.ni™ 0 f 
any point inside the parabola being less than its distance from 
the directrix (Prop I, E\ G), no tangent can be drawn to a 
parabola from any point within it 
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Ex 1 If the pomt 0 be on the duectrix, show from the 
construction that the tangents mtersect at light angles 
Ex. 2 If 0 be on the axis produced, at a distance from the 
\vertex A—$AS, the figure OQSQ i will be a lhombus 
•A Ex. 3 Alternative Construction — With the given point 0 as 
centre and radius OS, descube a circle cutting the directnx m 
21 and 21' The peipendiculais fiom 0 upon S2I and S2T will, 
.when pioduced, touch the cuive (See Prop I,E\ 3) 

A Ex. 4. Alternative Construction — In the figiue of Piop XIII , 
taking 0 as the given point, draw 01 at light angles to the 
directrix. With centre S and radius equal to 01, descuoe a circle , 
and from 0 draw OU and OU' tangents to this c*rcle SU, SU' 
produced will meet the parabola m the points of contact of the 
tangents fiom 0 (See Piop XIII , E\ ) 

For another alternative conatiuction, see Pi op XXIII, Ex 13 

Proposition XVIII ^ 

The two tangents OQ, OQ' of a pauthola subtend equal 
angles at the focus, and the triangles SOQ, SOQ' a'te 
svmilai 



With centre 0 and radius OS, descube a cucle cutting 

c 
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the directrix in M and M', diaw MQ, M'Q' at right angles 
to the directux to meet the curve m Q, Q' Then OQ and 
OQ' are the tangents to tlie cuive fiom 0 [Prop XVII 
Join OM, OM, OS, SQ, SQ', and SM, cutting OQ m Y 
In the two triangles MQY and SQY, the sides MQ, QY 
are equal to the sides SQ, QY, and the angles MQY, SQY 
are equal , [Prop XIV 

theiefore the two tuangles are equal in every lespect , and 
the angles MYQ, SYQ are equal, each being thus equal to 
a light angle [Euc I 4 

Now, the angle SQO= the angle MQO, 
and the angle MQO = the angle SMM', 

each being the complement of the angle QMY 
Therefoie 

the angle /SQO=the angle SMM 
But the angle SMM the angle SOM, [Eu C III 20 
and from the equality of tlie triangles SOQ', M'OQ', 

[Prop XVII 

the angle SOQ' = the angle MOQ', 
or, the angle S0Q'—\ the angle SOM' 

Therefoie the angle SQO= the angle SOQ' 

Similarly, the angles QOS and OQ'S aie equal, as also 
the remaining angles QSO, Q'SO 
Theiefoie the two tuangles SOQ, SOQ' aie similai 

Ex 1 Prove that 

(i) SQ SQ'=S0 2 , (u) OQ 2 0Q’ 2 =SQ 'SQ' 

Ex. 2 If two tangents drawn from any pomt on the axis be cut 
by any thud tangent, the points of intersection are equidistant 
from the focus ' 

Ex 3 The angle subtended at the focus by the segment inter- 
cepted on a variable tangent by two fixed tangents, is constant 
Ex 4 OS and a lme through 0 parallel to the axis make equal 
angles with the tangents. 
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«, Ex. 5 The straight lme bisecting the angle QOQ meets the axis 
m R , prove that SO— SR 

Ex. 6 If two tangents drawn fiom anj point on the axis be cut 
by a third tangent, then alternate segments are equal (Cf Prop 
XXI, Ex. 10.) 

Ex 7 If the tangent and normal at any point P of a parabola 
meet the tangent at the \eitex m K and L lespectnelj, prove that 
Kir SP l —SP- AS AS 

Ex. 8 If fiom an} point on a given tangent to a parabola, tan- 
gents be drawn to the cuive, the angles which these tangents make 
with the focal distances of the points from which tliej are drawn, 
aie all equal 

Each angle is equal to the angle between the gi\ en tangent and 
the focal distance of the point of contact 

Ex 9 Of the two tangents drawn to a parabola from anj point, 
one makes with the axis the same angle .is the other makes with 
the focal distance of the point 

Ex. 10 Tw o parabolas have the same focus and axis, with their 
vertices on the same side of their common focus Tangents are 
drawn from anj point P on the outer parabola to the mnei one 
Show that they aie equally inclined to the tuigent at P to the 
outer cuive (Apply Ex. 9, and Piop XIV ) 

Ex. 11 If the tangeut at auy point R meets 0Q, OCjf m q, qf, 
show that Qq q0—0q' q'Q’—qR Rq' 

[The triangles OqS, Rq'S are similar ] 

Ex 12 If tangents he drawn from auy point on the latus lec- 
tuni, show that the scmi-iatus-rectum is a geometric mean between 
the ordinates of the points of contact (Appl} Pi op I , Ex. 16, and 
Piop IV ) 

Ex 13 If PV > P'V be two diameters, and P'P, PI 7 ' ordinates 
to these diameters, show that PV=PV‘ (Apply Piop VII and 
Ex. 1 ) 

Ex. 14. If one side of a triangle be paiallel to the axis of a par- 
abola, the other sides will be m the ratio of the tangents parallel 
to them 


Proposition SIX. 

The exterior angle between any two tangents to a 
parabola is equal to the angle which either of them 
subtends at the focus 
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Let OQ and OQ' be the two tangents, and S the focus 
Join 80, SQ, and SQ'. 

The angle $OQ'=the angle SQO [Prop XVIII 

To each of these equals add the angle SOQ, theiefoie the 
angles SOQ and SQO aie together equal to the angle 
QOQ' But the extenoi angle HOQ ’ is the supplement of 



the angle QOQ' (Euc I 13), and the angle OSQ is the 
supplement of the angles SOQ and SQO (Euc I 32) 
Theiefoie 

the angle HOQ ' = the angle OSQ 

= the angle OSQ' [Prop XVIII 

Ex 1 Two tangents to a paiabola, and the points of contact of 
one of them being gi\ cu, pio\e that the locus of the focus is a circle 
The circle may be shown to pass tlnough the given point of con- 
tact and the mteisection of the tangents, and to touch one of them 
Ex 2 If a paiabola touch the sides of an equilateral triangle, 
the focal distance of any -\eitex of the tnangle passes tlnough the 
point of contact of the opposite side 

E\ 3 Gnen the base AB and the veitical angle G of a triangle 
ACB, find the locus of the focus of a paiabola touching CA, CB m 
A and B 

Ex 4 E is the centre of the circle descubed about the triangle 
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OQQf , prove that the cuclc described about the tuaugle QEQf 
pasi.es through the focus 

Ex, 5 A circle passing through tlie focu3 cuts the parabola m 
two points Provo that the caterioi angle between tho tangents to 
the circle at those points is foui tunes the complement of the extenor 
angle between the tangents to the parabola at the same points 

I * Proposition XX * 

'The on da cireitmscnbing the triangle fanned by any 
bee tangent s to a pautbola pastes though the focus 



Let tlie tin ee tangents at the points P, Q, It foim tho 
triangle pqr 
Join SP, Sp t Stj, Si 

Tho angle Sip = tho angle SPi , [Prop X VUI 

and tho angle Sqp ~ tho angle SPr , [Prop XVni 

therefore the anglo Srp = the angle Sqp 
Therefore the points p, q, r, S lie on a cncle, or the 
circle round the tuanglo pqr passes through the focus 

Ex 1 "What is the locus of the focus of a parabola which 
touches three given straight lines 1 
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^ Ex 2 A parabola touches each of four straight lines given in 
position Deteimine its focus 

The four cncles circnmsciibing the fom tnangles formed by the 
given straight lines, will intersect m the same point, namely, the 
focus required Hence, the curve may be descnbed (See Prop 
XXIII, Ex 5) 

Ex 3 If through p, q, i lines be drawn at right angles to Sp, 
Sq, Sr respectively , they will meet m a point 

Ex 4 Piove that the orthocentie of the triangle pqr lies on 
the directiix (Apply Piop XII ) 


* Proposition XXI 

If through the point of intersection of two tangents to 
a pat abola a sti aight line be drawn pat allel to the axis, 
it will bisect the chot d of contact 



Let OQ and OQ’ be the two tangents, and let OV 
diawn paiallel to the axis meet QQf in V and the 
directrix m It Draw QM and Q'M' perpendicular to 
the directiix, and join 08, Oilf, OM'. 
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Then OM=OS=OM', [Piop XVII 

and OR, which is diawn at right angles to the base of 
the isosceles triangle OMM', bisects it 
Thei eforc MR = M'R 

But since MQ, RV, M'Q' aie parallel to ono anothei, 

QV Q'Y-MR M'R , 
theiefoi o Q V— Q' V, 

or, QQ' is bisected m V. 

J Ex 1 The tangents at the extiemities of any chord of ajo., 
parabola meet on the diameter bisecting that choid 
E\ 2 Tlie circle on nnj focal chord as diameter touches the 
dnectux 

Ex 3 Ihe straight lmes drawn thiough the cxtienuties of a 
focal chord at light angles to the tangents at those points, meet on 
the diameter-bisecting the choid 

Ex 4 Given two tangents and then points of contact, lmd the 
focus and directnx 

E\ 5 Gn en two points P, Q on a parabola, the t uigcnt it one 
of the points P, and tne direction of the axis, constiuct tlie tunc 
If the tangent at P meets the diameter bisecting PQ m T, TQ is 
the tangent at Q Hence the focus b) Pi op XIV # 

Ex. 0 If a line be draw n parallel to tho cliotd of contact of two 
tangents, the parts mtciceptcd on it between tlie curve and the 
tangents are equal 

Ex 7 OP, OQ are two tangents to a parabola, and V is tlie 
middle point of PQ Prove that OP OQ—JOR 0 1 . 

On QO produced take OC/—OQ , then apply Prop XVIII. to 
show that the triangles POf/ and O&Q aie similar 
Ex. 8 If from anj point 0 a tangent OT and a chord OPQ bo 
drawn, and if the diameter Til meet the choid m It, piove that 
OP OQ~OJt J (C f Tanquit Property, E\ 1,2) 

Draw the tangent KO’P' parallel to the choid, meeting RT m K, 

07 1 produced in 0, and tho curves m P' Draw the diametei O'// 
bisecting TP\ so that 0'P'=*KV llicn 

OP OQ 0T i ~0'P' 1 0 , 2”=0A J 0’T*=01P OT* 

. Ex. 9 Given a chord PQ of a parabola in magnitude and 

f iosition, and the point 11 n\ which the axis cuts the choid, the 
ocus of tlie vei tex is a circle 

If the tangent at the veitex meets PQ m 0, OP 0Q=*0R? 

.* 0 is a fixed point , Olt^PR RQ t (PR~RQ) 
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Ex. 10 The tangents fioni an external point are drvided by 
anj third into segments lia\ mg the same ratio 

In fig Prop XX, drivr tlie diameters r/. 0(7, qtf, pp\ nieetin" 
PR m r', Q\ q’, p' Then 

Pi iq=rQ Qp—qp pIL 
(Cf Pi op XVIII, Ex 11) 

Ex. 11 The tangent parallel to QQ 1 bisects 0Q, OQf 

Ex. 12 If E be the centre of the cncle through 0, Q, Qf, OE 
subtends a light angle at S (Apply Prop XX , and Ex 11 ) 

Ex 13 If OQQ' be a right angle and QN the oidmate of Q, 
move that QQ' OQ=QN AN 

(Cf Prop XVI ) 


1 * Proposition XXII 

If QV is the oidznate of a diameter PV of a paiabola, 
and the tangent at Q meets VP pi oduced in 0, then OP 
shall he equal to PV 



Let the tangent at P meet 0Q m P , through R draw 
the diameter RW, meeting PQ m W 
Then, since RP, RQ aie a pair of tangents, 

QTK=PTF 

Also, RP is paiallel to QV, 


[Prop XXI 
[Prop XI 
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theieforo OP PV= OR RQ 

=PW 1FQ 

But PW=WQ, 

therefoi e OP =PV 


Ex 1 Tangents at the extremities of all paiallel chords meet 
on the same straight line (Cf Prop XXI , Ex 1 ) 

Ex 2 Given a tangent anil a point on tho curve, find the locus 
of the foot of the ordnt ite of the point of contact of the tangent, 
with respect to the diametei tluough the given point. [Aright 
line parallel to the tangent] 

Ex. 3 If 0 V~QV, 0 is on the directnx 

Ex. 4 If the diameter PV meets the dnectnx m 0, and the 
chord drawn through the focus parallel to the tangent at I'm V, 
piove that 17'= 01' 

Ex 5 If OQ , OQ’ be a pair of tangents to a parabola, and OQQ 
be a right au"le, OQ will be bisected b> the directnx 
Draw the druueter OP 1" and the tangent at P (See Prop XVI , 
Ex 9) 

Ex G If Q P be an ordinate to the diameter PV, and pv meet- 
ing PQ m v be the diametei bisecting PQ, provo that PV= 1 pv 


Ex. 7 PQ, Pit are anj two chords, the) meet the diameteis 
through It and Q in F and E Show that EF is parallel to the 

J angcut at P 

Ex 8 If from the point of contact of a tangent a choid be 
drawn, and any line parxlhl to tho axis he drawn meeting the 
tangent, curve, and chord, this line will be divided b) them m the 
same ratio as it divides tho chord 
Let the diameter 11U V bisecting the chord QQf m V meet the 
tangeut at Q iu If. Draw tho hue rbv parallel to the axis, cutting 
the curve and chord in b and v *1 hui 

Qv u =Q V VII 
=QV 2 VII 

But Q V - « IBS B V , (Plop YII ) 

QV '2BV=2SB QV, 

Qv QV—2&B vr 

Also Qv Q'v— ISB vb, (Prop VIII) 

QQf .frv^rv vb , 

Qv Qfv^rb bv 
Tins is a generalisation of Prop XXII 


Ex. 9 Through a given point within a parabola, draw a choid 
which shall be divided m a given ratio at that point 
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Proposition XXIII \J 

The locus of the foot of the peipendicular from the 
focus upon any tcmgent to a pai abola is the ta/ngent at 
the vei te% 



Diaw SY peipendicular to the tangent at P, meeting 
it m Y It is> required to show that Y lies on the 
tangent to the paiahola at the veitex 

Draw PM peipendicular to the directrix, and join 
MY, AY 

Now, in the two triangles MPY, SPY, the sides MP, 
PY are equal to the sides SP, PY respectively, and the 
angle i/PF=the angle SPY [Prop XIV 

Theiefore the angle PYM= the angle PYS 

=one light angle, [Euc. I 4 
theiefoie MY and YS aie m the same stiaight line 

[Euc. I 14 

Now, since SY= YM, 

and SA=AX, 

AY is parallel to MX, 


[Euc VI 2 



PARABOLA. 


43 


and is, therefore, the tangent to the paiabola at the 
vertex [Prop XIV, Cor 

Jex 1 Show that SY 2 =AS SP [The triangles SYP, SYA 
are similar See Prop XVIII ,Ex I] 

v) Ex 2 Show that SM is bisected at right angles by the tangent 
atP 

j Ex 3 If the tangent at P meet the axis in T % and PN be the 
"Ordinate of P, prove that PT TY—NT TS 

Ex. 4 If the \ ertex of a right angle, one leg of which alwaj s 
passes through a fixed point, moves along a fixed right line, the 
other leg will always touch a parabola 
The fixed point will be the focus, and the fixed right line the 
tangent at the vertex, whence the directux is known 
- / Ex 5 Given two tangents and the focus of a parabola, find the 
"'directrix 

The line joining the feet of the perpendiculais from the focus on 
the given tangents, is clearly the tangent at the veitex 
Ex 6 Prove that straight lines peipendiculai to the tangents 
of a parabola through the points wbei e they meet a given fixed line 
parallel to the directux, touch a confocal pirabola 
Ex. 7 The focus and a tangent being given, the locus of the 
vertex is a circle 

Ex 8 Given a tangent and the vertex, find the locus of the 
focus [A parabola, of which .1 is the veitex and the axis the 
perpendicular through A on the tangent Apply Prop VII , Ex 7 ] 
Ex. 9 The circle described on any focal distance as diameter, 
touches the tangent at the \ ertex 
Ex 10 PSp is a focal choid , pio\e that the length of the com- 
mon tangent of the circles descubed on Sp, SP as diameters, is 

J(AS Pp) 

Ex 11 Prove that 

(i) PY PZ—PS*, 

<n ) PY YZ=AS SP 

Ex 12 A circle is described on the latus rectum as diametei , 
PQ touches the parabola at P and the cuele at Q , show that SP 
SQ are each inclined to the latus rectum at an angle of 30° 

4 Ex 13 Alternative Construction for Prop XVII 
Let 0 he the external point , on US as diameter describe a circle, 
the lines joining 0 with the points of intersection of this circle with 
tiie tangent at the veitex, will be the required tangents 
Ex 14 In the figure of Prop VII , prove that QD 2 =4AS BV 
Let the tangent at B meet the axis m T, and the tangent at A in 
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Y Then SYZ 13 a light angle, and the tnangles QBV t YATare 
similar (Prop XI ) 

QD* Q r 2 = YA 2 YT-=AS TS=AS BS 
But QD 2 =iB8 BV (Prop VII) 

<2F2=4J<$ BY 

Ex 15 Given the focus and two tangents, construct the curve. 
[Ex. 5] 

E\ 16 Given the focus, axis and a tangent, construct the par* 
aboh 

E\ 17 Given the focus, a pomt JP on the parabola, and the 
length of the perpendiculai from the focus on the tangent at P, 
constiuct the cuive 

Ex 18 Gu en the focus, a tangent, and the length of the latus 
rectum, construct the cuive 

Ex 19 If a parabola roll upon another equal parabola, the 
vertices originally coinciding, the focus of the one traces out the 
directrix of the other [The line joining' the foci m any position 
cuts at right angles the common tangent j 


PROPERTIES OF NORMALS 

Def The stiaight line which is diawn through any 
point on a conic at light angles to the tangent at that 
point is called the noi mill at that point 

Def. The poition of the axis intercepted between the 
noimal at any point of a conic and the oidmate of that 
point is called the subnormal 

Proposition XXIY ^ 

The noimal at any point of a pat abola makes equal 
angles with the focal distance and the a%is 

Let the normal PG and the tangent FT at any point 
P on the paiabola meet the axis m G and T respectively 
Join SP and draw PM perpendiculai to the directrix 

Then the angle SPT— the angle TPM [Prop XIV 

=the angle STP [Euc I 29 
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But the angle TPG being a light angle is equal to the 
sum of the angle STP and SGP [Euc I 32 

Theiefore the angle SPG— the angle SGP 



•^Ex. 1 Pro\e that &T=*SP=SQ 

*-^Ex 2 The nonnal at airy point bisects the mtmor angle be- 
tween the focal distance and the diameter through tliat point 
'•l Ex. 3 The focus w equidistant from FT and the straight line 
through G parallel to FT 

Ex. 4. From the points where the normals to a parabola meet 
the axis, luies are drawn at light angles to the noinuls, show 
that these lines touch an equal coufocal parabola. 

Ex. 5 A chord FQ of a parabola is normal to the curve at P, 
and subtends a nght angle at S , show tliat SQ~ 2SP 
J Ee6 Prove that SJf and FI' bisect each other at light angles 
\ Ex 7 If the triangle SPG is equilateral, TO subtends a right 
ahgle at J/ 

Ex 8 Prove that the poiuts 8. F. J I. % he on a eucle which 
touches PG at F 

Ex 9 If m Ex 8 the radius of the circle is equal to MZ, the 
triangle SFG is cqudatcraL 

Ex 10 PSp is a focal chord , pG is the noimal at p , GR is 
perpendicular on the tangent at P Prove tliat II lies on the 
Iatus rectum (Cf Prop XIV , Ex 10 ) 

Ex 11 If PF t PIP ha drawn to the axis, making equal angles 
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with the noimal PO, piove that S(P=SF SH [Tlie triangles 
SPF, SUP are aimilai ] 

Ex 12 If ST, SZ be perpendicular to the tangent and normal 
at P lespectively, piove that YZ is a diametei 

Proposition XXV ^ 

The subnormal of any point of a parabola is equal to 
half the lotus ? ectrnn 



Let the noimal PG at P meet the axis in G Diaw 
PM, PJST peipendiculai to the dnectux and axis respec- 
tively Join SP 

Then, the angle *S'P(?=the angle SGP [Piop XXIV 
Iherefoie SG=SP=PM=XX 

Therefore JVG = XS — 2 AS — } latus lectum [Prop II 
The subnormal is therefore of constant length. 

'Ex. 1 If the triangle SPO is equilateral, SP is equal to the 
latus lectum 

* Ex. 2 Show how to draw the normal at any given point with- 
out drawing the tangent 

%x. 3 If the ordinate of a point Q bisect the subnoimal of a 
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point P, the ordinate of Q is equal to the normal at P (Apply 
Pi op IV) 

Jex 4 Pio\ e that PCP^-LiS SP 

\ Ex 5 If Che the middle point of SG, pioye that 
CA*-CP°‘=iA& 2 

4 Ex 6. If PL peipendiculdi to AP meets the axis m L, piove 
that GL—SAS 

» Ex 7 TP, TQ aie tangents to a given cuele at P and Q Con- 
stiuct a parabola which shall touch TP in P and have TQ foi axis 

Ex 8 The locus of the foot of the peipendicuhir from the focus 
on the normal is a parabola 

[Apply Piop IV SG is the axis, the veitex is at S, the latus 
aectum=A/S] 

Jl Ex 9 If GK be draw n perpendiculai to SP, piove that 

PIC =2 AS 

d Ex 10 Pp is a choid peipendicular to the axis, the perpen- 
diculai fiom p on the tangent at P meets the diametei tluough P i 
in It , piove that RP—‘\AS, and hnd the locus of It 
[The triangles PXG, RPp aie similai The locus of R is an 
equal parabola, having its veitex A' on the opposite side of X, 
such that JJ/=4A*S’] 

Ex 11 A circle described on a given choid of a parabola as 
diameter cuts the curve again iu two points, if these points be 
]omed, the portion of the axis intei cepted by the two chords is 
equal to the latus rectum 

Show also that, if the given chord is fixed m direction, the 
length of the line joining the middle points of the chords is 
constant 

[Apply Prop VIII The middle points of the choids are equi- 
distant from the axis ] 


Miscellaneous Examples on the Parabola 

1 Find the locus of the point of intersection of any 
tangent to a parabola, with the line diawn from the 
focus, making a constant angle with the tangent. 

2 OQ, OQf are tangents to a parabola, V is the middle 
point of QQ', OV meets the directive m K, and QQ' meets 
the axis in 27 Prove that OKNB is a parallelogiam. 
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3 Inscube m a given paiabola a triangle having its 
sides parallel to those of a given triangle 

4 Inscribe a circle in the segment of a parabola cut oft* 
by a double ordinate 

5 PGQ is a normal choid of a paiabola, meeting the 
axis m G Piove that the distance of G fiom the veitex, 
the oidinates of P and Q, and the latus rectum aie four 
piopoitionals 

6 If AR, SY aie peipendiculais fiom the veitex and 
focus upon any tangent, piove that 

SY 2 —SY AR+SA 2 

7 Descube a parabola touching three given straight 
lines and having its focus on anothei given line 

8 OR, OQ are tangents to a parabola at the points 
P, Q If SP+SQ is constant, piove that the locus of 0 
is a parabola, and find its latus rectum 

9 Thiough any point on a parabola two chords are 
drawn, equally inclined to the tangent there , show that 
their lengths aie pioportional to the poitions of then 
diameters intercepted between them and the curve 

10 The focal chord PSp is bisected at light angles by 
a line which meets the axis in 0 , show that Pp—2 SO 

11 On a tangent are taken two points equidistant fiom 
the focus , prove that the other tangents drawn fiom these 
points will intei sect on the axis 

12 The locus of the centie of the cncle cncumscnbing 

O 

the tnangle formed by two fixed tangents and any thud 
tangent is a light line 

1 3 A chord PQ is noimal to the parabola at P, and 
subtends a right angle at the veitex * prove that 
^=3 SP. 
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14 Given the vertex, a tangent, and the latus rectum, 
construct the paiabola 

15 P, Q aie variable points on the sides AO, AB of a 
given tuangle, such that AP PO—BQ QA Prove that 
PQ touches a paiabola 

16 Apply pioperties of the paiabola to prove that — 

(i ) In any triangle the feet of the thiee peipendiculars 

fiom any point of the cucumscubing circle on the sides 
lie on the same straight line. 

(n ) If four rateisecting straight lines be taken three 
together, so as to form four tnangles, the oithocentres of 
these tnangles lie on a light line 

17 Descnbe a paiabola tlnougli four given points 

18 A parabola lolls on an equal paiabola, the vertices 
originally coinciding Piove that the tangent at the 
vertex of the rolling paiabola always touches a fixed 
circle 

19. If two mteisectmg paiabolas have a common focus, 
the angle between their axes is equal to that which their 
common tangent subtends at the focus 

20 AP, AQ, aie two fixed stiaiglit lines, and B a fixed 
point Circles dcsenbed through A and B cut the fixed 
lines in P and Q, Piove that PQ always touches a 
parabola with its focus at B. 


D 
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THE ELLIPSE 
DESCRIPTION OP THE CURVE 

Proposition I 

Gwen the focus, directrix, and eccentricity of an ellipse 
to determine any number of points on it 



Let S be the focus, MX 21' the duecfciix, and e the 
eccentncity 

Through jS diaw SX peipendicular to the directrix. 
Divide SX in A, so that 

SA = eAX 
50 
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Also m XS' pioduced, take A' so that 

SA'=eA'X * 

Then A and A' aie points on tlie ellipse and are its 
vertices 

Take any point X on A A', through X diaw PXP' pei- 
pendicular to AA\ with centie S and ladius equal to 
e XJV,_descnbe a cucle, cutting PXP' m P and P' Then 
P and P' shall he points on the ellipse. Diaw PM, PM' 
perpendiculai to the duectux. 

Then SP = e XX [Const 

PAT, 

and SP'^e XX 

= e P'M' 

Therefore P and P' aie points on the ellipse 

In like manner, by taking any other point on AA', any 
numbei of points on the curve may be deteimmed 
Def. The length of the axis intei cepted between the 
vertices {A and A') of the ellipse is called the major axis 
Def. The middle point (0) of the majoi axis is called 
the centre of the ellipse 

Def The double oidmato (BOB') tbiough the centie 
(c) is called the mvtxor axis of the ellipse 

Ex 1 The ellipse is sj mnicti leal with respect to its avis 
Corresponding to au> point jV on the line A A’ we get two points 
P and P , such that the clioi d PP' is bisected at l ight angles by the 
axis A A' 

Ex 2 An> two light lines drawn fiom any point on the axis to 
tlie curve, on opposite sides of the axis and equallj inclined to it, 
are equal, and com ersely 

Ex 3 If two equal and sinulai ellipses have a common centre, 
tlie points of intersection are at the extieinities of central chords at 
right angles to each othei 


* Since e is less than unity it is clear that A will be between X 
and 3 and A' Without XS on the same side as 3, 
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Ex 4 Piove that the ellipse lies entnely between the lines 
drawn thiougli A and A' at light angles to the axis 
In 01 dei that the circle may intei sect PNP' the pouit N must be 
so situated that SN rna} not be greatei than the radius of the cucle 
SP, that is, eNX It may easily be shown that tins 18 the case only 
wljen N lies between A and A' 

/Ex 5 Show that as P moves from A to A', its focal distance 
(SP) mci eases fiom SA to SA' 

For SP~e NX, and NX has AX and A'X for its least and 
greatest i aluea respectively 

/ Ex 6 Hence pro\ e that the ellipse is a closed curve 

Ex 7 If a parabola and an ellipse have the same focus and 
dnectnx, the parabola lies entnely outside the ellipse 
Ex 8 A choid QQ' of an ellipse meets the directiix m D 
Prove that 

SQ QD=SQ! Q'D 

Ex 9 A straight line meets the ellipse at P and the directrix 
in I) From any point K in PP, A U is drawn parallel to PS to 
meet SP in U, and KI is drawn peipendicular to the dnectiix 
Prove that SU—e KI (Cf Piop XYI , winch is a pai ticular case 
of tins ) 

Ex 10 A point P lies within, on oi without the ellipse, accord- 
ing as the ratio SP PM is less than, equal to, oi gi eater than the 
eccentricity, PM being the perpeudiculai on the dnectnx 

Proposition II 

- 1 The ellipse is symmetrical with oespect to the minor 
axis and has a second focus (S') and dn ectnx 

Let S be the given focus and MX the given dnectnx 
Take any point M on the directrix, and through the 
veitices A and A' draw AS and A'R' at light angles to 
AA', meeting the stiaight line thiough M and S at H and 
S' respectively Describe a circle on SS' as diameter 
and thiough M diaw MPP', parallel to AA', to meet the 
cucle m P and P' Then P and P' shall be points on the 
ellipse 
For 
and 


MS SS=XA AS= 1 e, 
MS' H'S—XA' A'S=1 e. 
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Theiefore ME ES=ME' E'S, 

and the angle EPE ' is a light angle pSuc III 31 

Therefore, PE bisects the angle 3PM 

Theiefoie SP PM=SE. EM 

=A3 AX 


Therefoie, P is a point on the ellipse Similarly, it may 
be shown that P' is a point on the ellipse 



Again, the stiaight line diawn thiough 0, the centie of 
the circle, at light angles to A A' will bisect both AA' and 
PP' at right angles, and will theiefoie coincide with the 
minoi axis m position. 

The ellipse is theiefore symmetrical with respect to the 
minor axis. [Def 

^ As the minor axis divides the cuive into two parts such 
that each is the exact leflexion of the othei, if A' 8' be 
measured ofl equal to AS and A'X'=AX, and X'M be 
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drawn ac right angles to X'X, the curve could be equally 
well descubed with S' as focus and X'AT- as dnectux 
The ellipse theiefoie has a second focus (S') and a 
second duectrix (X'AT) 

Ex Eveiy clioid drawn tluough the centie C is bisected at that 
point (From the symmetry of the figure ) 

From this piopeity the point 0 is called the centie of the curve 


5 


PROPERTIES OF CHORDS AND SEGMENTS OF 
CHORDS 

3 ' 

e* Proposhion III 


In the ellipse GA—e GX (1) 

GS—e GA (2) 

CSJX-GA 2 ( 3 ) 



We have, fiom the definition, 

SA—e AX, 

SA' = e.AX=e AX' 
Theiefoie, by addition, 

AA' =e(AX+AX) 
=cXX' 

GA—e GX 


Therefoie 


to • 


( 1 ) 
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By subtraction, SS' = e(A'X — AX) 

—e.AA' 

Therefore GS = e~. GA . (2) 

Therefore GS GX = GA 2 (3) 

Ex Given the ellipse and one focus, find the centre and the 
eccentricity 

^/Describe a circle with S as centre, cuttmg the curve m P, P 
The axis bisects PP at right angles 


Proposition IV +{/ 

The sum of the focal distances of any j point on an 
ellipse is constant and equal to the majoi axis 



Let P be any point on the ellipse Join PS, PS', and 
through P draw MPM' perpendicular to the directrices 
Then SP=e PM, 

S'P — e PM 

Therefore SP+S'P=e (. PM+PM ) 

= e.MM 

= eXT 

-AA\ [Prop III 

Ex. 1 Show how to construct the ellipse mechanically 
First Method — Fasten the ends of a string to two drawing pins 
fixed at S and S' on & board, and trace a curve on the board with 
a pencil pressed against the string, so as to keep it always 
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stretched. The curve traced out will be au ellipse, with foci at 
8 and S, and major axis equal to the length of the string 
Second Method — Suppose two equal thin circular discs A and B, 
attached to each other, to rotate in opposite directions round an 
axis through their common centre , and, suppose one end of a 
fine string (which is wrapped round the discs, and passing through 
small rings at G and D in the plane of the discs, is kept stretched 
by the point of a pencil at P) to be wound on to its disc, while 
the other is wound off The curve traced by P will have the 
property CP + BP = constant, 

and will, therefore, be an ellipse 

Ex. 2 The sum of the focal distances of any point is greater 
than, equal to, or less than the major axis, according as the point 
is without, upon, oi within the ellipse, and conversely 

Ex. 3 The distance of either extremity of the minor axis from 
either focus is equal to the semi-axis-znajor. 

Ev 4. A circle is drawn entirely within another circle Prove 
that the locus of a point equidistant from the circumferences of 
the two circles, is an ellipse [The centres will be the foci.] 

Ex 5 Two ellipses have a common focus, and tlieir major axe3 
equal Show that they cannot intersect m more than two points 
The common points may he shown to lie oil the line bisecting at 
right angles the line jomuig the second foci 
Ex. 6 Prove that the external bisector of the angle SPS 
cannot meet the ellipse again, and is, therefore, the tangent to the 
ellipse at P, accorduig to Euclid’s conception of a tangent (Cf 
Prop XVIL) 

Prove also that every other line through P will meet the curve 
again. [Apply Ex 2] 

Ex. 7 The major axi3 is the longest chord that can be drawn 
in the ellipse 

Joining the foci with the extremities of any chord, it may he 
shown that twice the chord is less than the sum of the four focal 
distances, that is, less than twice the major axis 
Ex 8 In what position of P b the angle SPS greatest? 
[When P is at either extremity of the minor axis] 

Ex. 9 If > and R be the radii of the circles inscribed m and 
described about the triangle 8PS, prove that Rr v ane3 as SP SP. 

Proposition Y 


In the ellipse 

C&=CA--C&=SA SA' 
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Let B be an extremity of the minor axis Join BS, 
BS' 

Then SB+S'B=AA' [Prop IY 

But SB=S'B 

Therefore SB = CA. 

Therefore C&^SIF-CS 2 [Euc I 47 

= GA 2 ~GS 2 

= SA S’ A [Euc II 5 



Ex. 1 Piov e th.it 1 ~ 

^ E\ 2 Prove lint, &‘&i~ A’ A 1 -ITU 1 f 

SB& bo a nght angle, show that S' A z. ~ “ S 
CA~>J2 CJJ i: 

✓ Ex 1 A cncle it. dcsciibed pacing tiuough B and touching- ' 
the niajoi a\ia m S , if SK be its diametu, piov e tli it 
SK BO— AC 1 

Ex. r ) Circles are described on the major and minor axes as 
diameters PP' is a chord of the outci circle cutting the inner m 
Q, Qf Provo that PQ P'Q^CS* 

Ex 6 Given a focus S and a point P on an ellipse, and the 
lengths of the major and minor axes, hud the centie 

On SP produced, take SJC equal to the major axis , S' lies on the 
circle with centie P aud ridius PK On &K as diametei describe a 
circle, and place m it KIl equal to the minor axis , S' lies on the 
circle with centre S and radius S1I 


X /Ex 3 If the angle 
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♦Proposition VI. 

The latus tectum of an ellipse is a third proportional 
to the major and minor axes ( SL=GB 2 )OA ) ^ si-- 



Let LSL' be the latus rectum Diaw LM perpendiculai 
to the directrix 

Then CS=eCA, [Prop III 

SL = eLM [Eef 

—eSX, 

therefore SL C A = GS SX 

— CS(GX~GS) 

=GS OX -OS* 

-OA-—OS- [Prop III 

= CJB 2 [Prop V 

Ex 1 Construct on the minor a\is as base a rectangle which 
shall be to the tuangle S£S' in the duplicate ratio of the major axis 
to the minoi axis 

Draw BK parallel to ZS\ meeting the major axis ml, the other 
side of the rectangle = \CK 

Ex 2 The extiemities of the latera recta of all ellipses which 
have a common majoi axis, lie on two paiabolas 

If LN be perpendicular to CB, LN-—AC(AC— GN ) , hence, L lies 
on a parabola of which OB is the axis, and the vertex is at a 
distance from C= GA 
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* Proposition VII 

Any focal chord of an ellipse is divided harmonically 
by the focus and the dii ectri'c 



Pioduee the focal chord PSp to meet the dnectiix m 
A and draw PM, pm perpendicular to the directrix 
Then PD pD—PM pm, 

but PS=e PM, 

and pS = e pm , 

therefore PD pD—PS pS 

Hence Pp is divided haimomcally in 8 and D 


■*Ex. 1 The beuu-latiiH rectum is a haimonic mum between tlie 
segments of auj focal chord 

) Ex. 2 Focal chords aze to one another as the zectangles con- 
tained by thur segments 


Proposition VIII 

If any chord Q(f of an ellipse intersects the dir ectr ix 
m D, SD bisects the exterior angle between SQ and SQ' 

Draw QM, Q'M' perpendiculars on the directrix, and 
produce QS to meet the ellipse m q 
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Then, By similai triangles, 

QD Q’D=QM Q'M' 

=SQ SQ', 

therefoie SD bisects the exteuoi angle Q'Sq [Euc. YI A. 



^Ex 1 PSp is a focal choid Pio\ e that XP and Xp are equally 
inclined to the axis 

i E\ 2 Gn en the focus aud tlxree points on an ellipse, find the 
dnectux and the axis 

—A Ex 3 If P be an} point on an ellipse, and PA, PA ' when 
produced meet the dnectiix in II and F, show that AY 1 subtends a 
light angle at the focus 

Ex 4 If A' S' be ineasuied off along A' A equal to AS, and 
A'X' be ineasuied oil along AA' equal to AA", and if PA and PA' 
when pioduced meet the straight line through A”' at light angles to 
the axis in E', F', show that E'X' F'X'=EX FX, and that E'F' 
subtends a light angle at S' (This is to be proved without assum- 
ing the existence of the second focus and directrix of the curve ) 

Ex 5 Hence, show that if PK be the perpendicular oi? E'F', 
S'P=e PK , and deduce the existence of a second focus and 
directrix corresponding to the i ertex A' 

Ex. 6 If two fixed points Q, Q' on an ellipse be joined with a 
third variable point 0 on the cur\ e, the segment qq' intercepted on 
eitliei directrix by the chords QO and QO produced, subtends a 
constant angle at the conespondmg focus 
The angle qScf may be proved to be equal to half of the angle 

osg 
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Ex. 7 j PSp is a focal clioul , 0 la any point on the curve , PO, 
pO produced meet the directnx m D, </ Pio\ o that Del subtends a 
right angle at the focus 

Ex. 8 Given the tocus of an ellipse and two points on the curve, 
prove that the directux will pass through a fixed point 
j Ex 9 A straight line which meets an ellipse w ill, m general, 
meet it m two points, and no straight line can meet it in more 
points than two 

The first pait follows at once from the fact that tlio ellipse is a 
closed curve (Prop I , E\ G Cf also Ch I , Prop X., Ex 8 ) 
Then, if the luie meets the citr\e m Q and Q\ and the dnectnx m 
D, SQ and SQ will be equally inclined to DS Hence, if there be a 
third uomt of intersection Q\ SQ' and SQ' will m ike the same angle 
with DS, which is impossible 

0 / ^ 
VOw-p Pkoposition* IX 

The equate of the oulvnate of any point on an ellipse 
varies as the icctangle under the segments of the axis 
made by the ordinate (PN Z AN AN = OB 2 GA-) 



Let PN bo the ordinate of any point P on the ellipse 
Let PA and A'P produced meet the dnectnx in JO and 
IX. Join SD, 3D', and SP, and produce PS to meet the 
curve in p 
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Then, from the similar tuangles PAN and LAX, 

PN AN=LX AX 

Also, fiom the similai tuangles PA'N and L'A'X, 

PN A'N—L'X A'X, 

therefore PiY 2 AN A'N^LX L'X AX A'X 
Again, 8. D and 8L' bisect the angles pSX and PSX 
respectively, [Pi op YIII 

therefoie the angle LSL' is a light angle, and ^ 

LX L'X=SX 2 , [EucVl 8 

therefore PN 2 AN A'N=SX 2 AX A'X 
But the latio SX 2 AX A'X is constant , therefore the 
latio PN 2 AN A'N has the same value for all positions 
of P 

In the paiticular case -when P coincides with the 
extremity B of the mmoi axis, the latio PN 2 AN A'N 
becomes CB 2 QA 2 , theiefoie 

PN 2 AN A'N^GB 2 OA 2 , 

P being any point on the ellipse 

•< Ex 1 Prove that PN* GA*-GN 2 =-G1P CA- 

< Ex 2 Pzove that = 

Ex. 3 Piove that CP-—GB 2 +& 1 CAP , and lienee deduce that 
of all lines drawn fiom the centre to the curve CA is the greatest 
and CB the least (See Pi op Y , E\ 1 ) 

Ex 4 Show that PN mci eases as N moves fiom A to C 

Ex 5 If PM he diawn peipendicular to the nunoi axis, de- 
duce that PM* BM B'M= CA 2 CB i 

Ex 6 P, Q aie two points on an ellipse AQ, A'Q cut PN m 
L and irrespectively Piove that PN-=LN MN 

Ex 7 Deduce Pi op YT 

Ex 8 If NQ be drawn parallel to AB, meeting the minor axis 
m Q, show that PJV 2 =BQ B’Q 

Ex 9 If a point P moves such that PN 3 AN A'N in a constant 
ratio, PN being the distance of P fiom the lme joining two fixed 
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points A, A', and A r being between A and A‘, the locus of P is an 
ellipse of which AA’ is an axis 

Ex. 10 The locus of the intersection of lines drawn through 
A, A' at light angles to AP, A'P, is an ellipse [dJ' wnll be the 
minor axis. See Ex 5, 9 ] 

Ex. 11 The tangent at any point P of a cncle meets the 
tangent at the extremity A of a fixed dnmetei AP m T Find 
the locus of the point of intersection (Q) of AP and BT 

Qif being perpendicular to AP, the tuangles QMA, APB, and 
ATG are sunuai , so are the triangles QJfB and TAB Hence 
QM- AM BM—AC AB 

Ex. 12. The oidinates of all points on an ellipse being produced 
m the same ratio, the locus of their extremities is anothei ellipse 

Ex 13 P is am point on an ellipse, AQO is drawn parallel 
to CP meeting the curie lit Q and CB pioduced in 0 Prove that 
AO AQ—2CB* 

C 4 

PnorosmoN X . 

The locus of the middle points oj any system of parallel 
ehoi ds of an ellipse is a stiaight line pasnng though the 
centie 



Let QQ' bo ono of a system of paiallel choids and V its 
middle point. 

Draw QM, Q'M' perpendicular to the directing Draw 
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SY perpendicular to QQ' and produce it to meet the 
direetnx in K Produce QQ ' to meet the dneetnx m 
R Join SQ, SQ\ 

Then SQ SQf^QM.Q'M' 

= QR Q'R 

Therefore^ SQ 2 —SQ' 2 QR t ~Q'R 2 =SQ 2 QR 2 
But jSQ 2 -SQ /2 =QY 2 -Q'Y 3 

= (QY+Q'Y)(QY-Q'Y)' 

=2 QQ' YY 

Similarly QR 2 -Q'R 2 =2QQ' RV, C*. 

Therefore YV RV=SQ 2 QR\ - c 

Now the ratio SQ QM is constant, also the 
QM QR is constant, since QQ' is diawn m a fixedr 
dnection Therefoie SQ QR is a constant iatio 6 

Therefoie also YV .RV is a constant ratio for all 
chords of the system 

But as R always lies on a fixed stiaight line (the 
directrix) and Y on anothei fixed stiaight line (the 
focal peipendicular on the parallel chords) intei secting 
the former m K, V must also lie on a third fixed 
straight line passing thiough the same point K 

Also C, the centie of the ellipse, is evidently a point 
on this line, since the parallel choid through G is, fiom 
the symmetiy of the figure, bisected at that point 
Hence, the diameter bisecting any system of parallel 
chords of an ellipse is a choid passing through its centre 

Ex The diametei bisecting any system of parallel chords, meets 
the directrix on the focal perpendicular on the chords 
Note — See Prop XI , Ex 10 

Def. The circle described on the major axis (AA') as 
diameter is called the auxiliary circle 
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Proposition XI 

(hdinates drawn pom the same point on the axis to 
the ellipse and the auxiliary cucle aie m the ratio of the 
minor to the majoi axis 



Let ApA' be the auxiliary cucle and let NPp be a 
common ordinate to the ellipse and the cucle 

Then Pm_jXK.JLN,~CBKGA 1 , [Prop IX. 

and pN 1 —AH A’N. [Euc.HI 3&35 

Theiefore PN- pN a -=C& CA 2 

Therefore PxY pN—GB GA 

Note — By the help of this impol taut propu tj o£ the circle upon 
the major axis as diameter, many propositions concerning the 
ellipse may be easily proved, as will be shown liereaftei Hence 
the name auxiliary cucle 

Def. The points P and p lying on a common oulmate 
pPN of the elhpso and its auxiliaiy cnclo aie called 
corresponding points 

Ex 1 A straight line cannot meet the ellipse m moie than 
two points. (Cf Prop VIII Ex 0 ) 

h 
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Ex. 2 PM drawn perpendicular to BB meets the circle on the 
niinoi axis as diametei in p' Prove that 
PM p'M=CA CB 

(See Piop IX , Ex 5 ) 

Ex 3 PM, PM aie peipendiculars on the axes, meeting the 
cucles on the axes as diameters in p, p' respectively 

Piove that p and p' bemg piopeily selected, pp‘ passes through 
the centre 

Ex 4 Through P, KPL is drawn making the same angle with 
the axes as pG, and cutting them in A' and L Show that KL is 
of constant length (KL = GA + CB ) 

Ex 6 If the two extremities of a stiaight line move along two 
fixed straight lines at light angles to each other, any given point 
on the moving line describes an ellipse 

Let the fixed straight lines intei sect m 0, and let P be the given 
point on the moving line AB of which C is the middle point Let 
QPM diawn at right angles to OB, meet OG, OB in Q and M 
respective!} Then, since OQ=AP, the locus of Q is a cncle, 
also, as PiV QM—PB PA, the locus of P is an ellipse 

Ex 6 Given the semi-axes m magnitude and position, construct 
the cuive mechanically 

Mark off on the straight edge of a slip of paper two lengths PA 
and PB m the same direction and equal to the semi-axes respec- 
tively If the paper be now made to move so that A and B may 
alwa}3 be on the lines repiesentmg the axes m position, P will 
trace out the ellipse (See Ex 5 } 

Ex 7 If a cncle loll within anothei circle of double its radius, 
any point m the aiea of the rolling circle traces out an ellipse 

Fit st Method — Let G be the centre of the lolling circle, and 0 
that of the otliei If the given point P be on the radius GM, M 
will descube the diametei A'OA of the outei cncle Draw RPM 
peipendicular to OA', meeting OG m R and OM in iV Then since 
GR—GP, the locus of A is a circle, and, as PM RM—PM OR, 
the locus of P is an ellipse 

Second Method — The point M coincided with A' at the beginning 
of the motion , if m an} position, the circles touch at Q, 
ai c MQ = ai c A’Q, angle QCM= 2 angle QOM, 

OCQ is alwajs a straight line, so also is MCM, N being the 
intersection of the liuiei circle with that radius of the outer which 
is at light angles to OA It is cleai, theiefoie, that the motion of 
a point P m MiV is exactly the same as that of a point in the 
moving rod in Ex 5 
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Ex. 8 From the centre of two concentiic circles, a straight lino 
is drawn to cut them m P and Q , tluough P and Q straight lilies 
are drawn parallel to two given lines at right angles Provo that 
the locus or their point of intersection is an ellipse, of which the 
outer circle is the auxiliary circle 

Ex 0 PPp, y’Pp' no ordinates of the ellipse and its anxiliaiy 
cncle Show tint PP, pp' produced meet on the axis in the same 
point T 

Ex. 10 Deduce from Ex 9 a proof of Pi op X 

Let V, v he the middle points of PF, pp' Vv pioduced bisects 
jYIY’ at right angles m J l Now as long as PF lcniams parallel 
to itself, pp’ must lemara parallel to itself, and, theiefore, its 
middle point v lies on a fixed stiaight liue, the dnnietei at light 
angles to pp ' V, tlierefoie, lies on a fixed straight line through 
C, since vJf I’ll MR Cl 

'/. U - * * Proposition XTI 

If a system of choi ds of an ellipse be drawn through a 
fixed point the i ectangles contained by their segments are 
as the aquai es of the parallel semi-diameters 



Let QOQ' bo one of the system of ehoids diawn through 
the fixed point 0 and GP the semi-diametei paiallel to 
QQ. Then QO 0Q' , GP 2 shall he a constant mtio 
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Describe the auxiliary cucle, and let p, q, q f be the cor- 
responding points to P, Q, Q' Join Gp and qq' and draw- 
through 0 a line perpendicular to the majoi axis, meeting 
it in D and qq' in o 

Then, since QM qM=Q'IT q'M' 

= GB GA, [Prop XT 

the stiaight lines QQ' and qq' pioduced meet the axis pio- 
duced in the same point T 

Again, the tuangles PNG and QMT being similar 
NO MT=PN QM 

-pN qM [Piop XI 

Theiefoie the tuangles pNG and qMT aie similai 

[Euc VI G 

Theiefore pG is parallel to qT. 

Theiefoie the triangles pPG and qQT are also similai 
Now QO qo—QT qT, 

also OQ' oq'=QT qT 

Theiefore QO OQ' qo oq'=QT z qT 2 

= GP 2 Gp\ 

or QO OQ 1 ,GP 2 =qo oq' Ofl 

Now, since OD oD= QB GA, 

and the point 0 is fixed, the point o is also fived , hence 
qo oq' is constant [Euc III 35 

Also Op = GA = constant 

Theiefoie QO OQ' CP 2 

is a constant latio 

E\ 1 Tho ratio of the rectangles under the segments of any 
two intersecting chords of an ellipse, is equal to that of the lect- 
angles under the segments of any other two chords parallel to the 
foimei, each to each 
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'Ex. 2 If two choids of an ellipse intei sect, tlie rectangles 
under their segments aie as the parallel focal chords (Apply 
Prop VII ,Ex 2) 

^Ex 3 Ordinates to any diameter at equal distances from the 
centre aie equal. 

Ex. 4 QCq is the central choid parallel to the focal chord 
PSp Prove that 

SP Sp CQ Cq=CB 2 CA 1 



* Proposition XIII 


If a ancle intersect an ellipse in Jour points their 
common choi ds ivill be equally inclined, tno and tuo, to 
the axis 



Q, Q\ q, f, be the foui points of intersection 
Join QQ', qq\ mteisectmg m 0 
| Then QO OQ'=qO. Oq', [Euc. III 35 

Therefore the semi-diameters parallel to QQ' and qq' 
i jiespectively, aie equal to each othei, [Prop XTI 

' and they aie, therefoie, equally inclined to the axis fiom 
the symmetry of the figure (See also Piop I, Ex 2) 
Theiefoie, the chords QQ' and qq' aie equally inclined to 
the axis 
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In like mannei it may be shown that the choids. Qg 
and Q'q' as well as the choids Qtf and qQ' are equally 
mclmed to the axis 

Ex 1 If two chords, not parallel, be equally inclined to the 
axis of an ellipse, then extiemities he on a cncle 

Ex 2 If P be a fixed point on an ellipse and QQ’ any ordmato 
to CP, show that the cncle QPQ‘ will intersect the cuive m 
anothei fixed point 

PROPERTIES OF TANGEN1S 

It has been all eady observed in Chaptei I that, gene- 
i,vlly, from a choid piopeity of a conic a coriespondmg 
tangent piopeity may be deduced The ’Student should 
woilc out the following exeicises as lllustiatmg the 
method m the case of the ellipse 

* Deduce fiom Pi op XII — 

Ex 1 The tangents to an ellipse from an external point are 
propoitioual to the parallel scnu-diameteis 

Ex 2 If the tangents at thiee points P, Q, It on an ellipse, 
intersect m > , <J, p, show that 

Pr pQ qR=Pq rQ pR 

Ex 3 If two paiallel tangents OP, O'F be met by any thud 
tangent 0Q0‘, then OP OP' —0Q O'Q 

Ex 4 If fiom any point without an ellipse a secant and also 
a tangent be diawn, the rectangle under the whole secant and the 
external segment is to the square of the tangent as the squares 
of the parallel senu diameters 

Ex. 5 If two tangents be drawn to an ellipse, any line drawn 
parallel to either will be cut in geometric progression by the other 
taugent, the curve and the chord of contact 

Ex 6 Any two intei sectmg tangents to an ellipse aie to one 
anothei in the sub duplicate ratio of the paiallel focal choids 

Ex 7 If two paiallel tangents A Q and OR be cut by any third 
tangent APO, and RP meets QA m B, show that AQ—AB 

♦Deduce fiom Prop XIII — 

Ex 1 PQ, PQ 1 aie choids of an ellipse equally inclined to the 
axis Prove that the circle PQQ' touches the ellipse at P 
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Ex. 2 PP is a chord of in ellipse parallel to the major axis , 
PQ, PQf are clioids equally inclined to tliat axis Show that 
Qf/ is parallel to the tangent at P 

Ex 3 If a circle touch an ellipse at the points P and Q, prove 
that PQ is parallel to one of the axes. 

See also Props. XTV and XV 

Proposition XIV v 

The tangent to an ellipse at eithei end of a diameter is 
paiallcl to the system of tltoids bisected by the dmmctei 



Let PVCP' be the diameter bisecting a system of 
chords parallel to Q(f Let QQ' be made to move 
parallel to itself so that Q may coincide w ith V Since 
QV is always equal to Q'F, [Prop x. 

it is clear that (f will also coincide with V, and the 
chord in this its limiting position will be the tangent 
to the ellipse at P 

Ex. 1 The tangent at the \utc\. is at right angles to the m ijor 
axis [From sjmmetn, the chords at right angles to the nnjor 
axis are bisected bv it j 

E\. 2 The lme joining the points of contact of two parallel 
tangents is a diameter 

Ex. 3 An} tangent is cut harmonically b} two jianllel tan- 
gents and the di imeter passing through then- points of contact 
(See note on Tangent Properties, I , Ex 3) 
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Ex 4 An ellipse is described about tlie triangle ABC, haviug 
its centie at tlie point of intersection 0 of the medians OA, OB, 
OC produced meet the ellipse m a, ft, y Prove that the tangents 
at a, fi, y form a tiiangle similar to ABC and four times as large 

^^Proposition- XV 

The pot toon of the tangent to an elhpse at any point 
intercepted hetoueen that point and the directo ix subtends 
a i ight angle at the focus, and conversely 
Also the tangents at the ends of a focal chord vntersect 
on the dir ectrn.% 



First — Let any choid QQ' of the ellipse intersect the 
duectux m Z 

Then SZ bisects the extenoi angle Q'Sq [Prop VIII 
Now, let the choid QQ' he made to turn about Q until 
the point Q' moves up to and coincides with Q, so that the 
choid becomes the tangent to the ellipse at Q In this 
limiting position of the chord QQ', since Q and Q' coincide, 
the angle QSQ' vanishes and theiefoie the angle Q'Sq 
becomes equal to two right angles But, since SZ always 
bisects the angle Q'Sq, m this case the angle QSZ is a 
right angle 
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Again, lefc QZ subtend a ngbt angle at 8, then it shall 
be the tangent to the ellipse at Q For, if not, and if 
possible, let QZ be the tangent at Q, then the angle 
QSZ is a right angle, which is impossible Therefore QZ 
is the tangent at Q 



Secondly — Let QSq be a focal chord and QZ the tan- 
gent at Q Join ZS, Zq 

Then the angle QSZ being a right angle, the angle 
ZSq is also a right angle, and therefore qZ is the tangent 
to the ellipse at q Therefore the tangents at Q and q 
intersect on the directrix 

Ex. 1 Tangents at the extremities of the latus rectum inter- 
sect m X. 

Ex 2 If through any point P of an ellipse, an ordinate QPX 
be drawn, meeting the tangent at L m Q, prose that QX—SP. 

Ex 3 To draw' the tangent at a gircn poiut P of an ellipse 

Ex 4. By drawing the tangent at B, prose that C8 CX= CA Z . 

. Ex 5 If ZQ meets the other directrix m Z, ZP subtends a 
right angle at 

Ex 6 If QZ intersect the Iatu3 rectum m Z>, prose tliat 

8D=c SZ. 
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Proposition XYI 

Iffiom a point 0 on the tangent at any point P of an 
ellipse perpendicular s OU and 01 be di awn to BP and 
the directing i espeetively, then 

BU=e.OI, 

and convenely 



Join BZ and diaw PM perpendiculai to the directnx 
Because ZSP is a right angle, [Prop XV 

ZB is paiallel to OU 

Therefoie, by similai tnangles, 

SU SP—ZO ZP 
= 01 PM 

But SP=e PM } 

therefore . SU=e 01 

Again, foi the converse pioposition, if a line OP meets 
the ellipse at P, and the same constiuction is made as 
before, we' have 

SU=e 01, 

BP=e PM, 

8U SP=OI PM 
=Z0 ZP 


and 

therefoie 
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Therefoie OJJ is paiallel to ZS, [Euc VI 2 

and the angle PSZ is a nghfc angle 
OP is, therefoie, the tangent at P [Prop XV 

Note — Seo Chap I , Piop XIII , also Pi op I , Ex 9 

Proposition XVII 1 x ’ 

The tangent at any point of an ellipse males equal 
angles with the focal distances of the point 



Let the tangent at P meet the duectuces m Z and Z* 
Diaw MPM r peipendicular to the duectuces, meeting 
them in M and M' respectively Join SP, SZ, S'P, and 
S'Z' 

Then, m the two tuangles PSZ and PS'Z', the angles 
PSZ and PS'Z' aie equal, being light angles, [Prop XV 
and SP S'P = PM PM' 

=PZ PZ\ 

and the jingles PZS and PZ'S' aie both acute angles 
Therefore the tiiangles are similar, [Euc. VI 7 

therefore the angle SPZ= the angle S'PZ' 
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Ex. 1 If a line diawn through P bisect the exterioi angle 
between SP ind S’P , it xv ill be the tangent at P 

Ex 2 The tangent at the vertex is at right angles to the 
major axis 

Ex 3 The perpendiculars from Z and Z' on SP intercept a 
length equal to AA' 

Ex. 4 The tangent at any point makes a greater angle with 
the focal distance tlian with the perpendicular on the directrix 

Ex. 5 If ST, S7’ be the perpeudiculais upon the tangent at P, 
and PN be the ordinate of P, prove that Pjtf bisects the angle 
TNT 

E\ 6 If /SJ’j the perpendicular on the tangent at P, meet S'P 
pioduced m s, piove that 

(l) sr=ST, (u) SP=Ps, (m) S's—AA 1 
On account of property (i), a is called the image of the focus m the 
tangent 

Ex 7 Prove that the locus of the image of the focus m the 
tangent is a circle 

The cucle, of which the centre is a focus and the radius equal 
to the major axis, is sometimes, though not qiute properly, called 
the Directo ; Circle, by way of analogy to the directrix of the 
parabola, which is, m the case of that cui ve, the locus of the image 
of the focus in the tangent (See Chap I , Pi op XIV, Ex 7 ) 

Ex 8 Given a focus and the length of the roajoi axis, describe 
an ellipse touching a gnen straight line and passing thiough a 
gi\en point (Appty Prop TV , Newton, Book I, Pi op XVIII) 

Ex 9 Given a focus and the length of the major axis, describe 
an ellipse touching two given straight lines (Apply Prop TV, 
cf Prop XXIII , Ex 4 , Newton, Book I , Prop XVIIL) 

Ex. 10 If a circle be described through the foci of an ellipse, 
a straight line drawn fiom its intersection with, the minor axis 
to its intersection with the ellipse, will touch the ellipse 

Proposition XVIII 

To draw two tangents to an ellipse fiom an external 
point 

Let 0 be the external point Diaw 01 perpenthculai 
to the dnectux, and with centre S and ladius equal to 
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e. 01, describe a cucle Draw OU, OU' tangents to this 
circle, and let SU, SU' meet the ellipse in Q, Q' Join 
OQ, OQ' Then OQ, OQ' shall be the tangents requued 



Foi OU is at light angles to SQ, [Euc III 18 

and SU=e 01 

Theiefore OQ is the tangent to the ellipse at Q 

[Prop XYI 

Similai ly OQ is the tangent at Q' 


Ex. 1 Alternative Construction — “With centie 0 and ladius OS 
-(lescnbe a circle , with centre S' and radius equal to the majoi 
axis descube anothei cucle intersecting the foi mer in M and M' 
Join S'M and S'Jf, meeting the ellipse in Q and (/ , OQ, OQ' aie 
the tangents lequired [The angle OQM= the angle OQS Then 
apply Prop XVII , Ex 1 It may be shown that the constiuction 
given m Chap I , Pi op XVI , is immediately deducible fiom this ] 
Ex 2 Show that only two tangents can be drawn to an ellipse 
from an external point (See Note to Chap I , Pi op XVI;} 


Proposition XIX 



The two tangents which can he chawn to an ellipse 
fiom an external point subtend equal angles at the 
focus 
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Let OQ, OQ' be the two tangents from 0 
Join SO, SQ, SQ’, and diaw 01, OTJ, OU' perpendi- 
culais upon the duectux, SQ, SQ' respectively. 



Then SU=e Ol-STJ' [Prop XVI 

Therefoie OU=OU' [Euc I 47 

Therefore the angles OSU and OSU' aie equal, 

[Euc. I 8 

and they are the angles which the tangents subtend at 
the focus S 

Ex 1 QQ’ piocluced meets the duectux m Z Prove tha *t()Z 
subtends a liglit angle at S [Prop XV is a particular case of 
this ] 

Ex. 2 If P be any point on an ellipse, the centie of the cncle 
touching the majoi avis, SP, and S’P pioduced lies on the tangent 
at the leitex 

Ex. 3 The two foci and the intersections of any tangent with 
the tangents at the veitices, aie concyelic points 
Ex 4 A vainble tangent meets a fixed tangent m T Pmd 
the locus of the intersection with the vanable tangent of the stiaight 
line tluough S at light angles to ST 
[The locus is the tangent at the other extiemity of the focal chord 
through the point of contact of the fixed tangent ] 

Ex 5 The tangents at the ends of a focal chord meet the 
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tangents at tlie -vertex in and 2V. Prove tliat AT\ AT* is con- 
stant. (=AS-) 

Fa-, 6 The angle subtended at either focus by the segment inter- 
cepted on a variable tangent bj two fixed tangents is constant 

Ex 7 It OS intersect QQf m It and 111 l be drawn perpen- 
dicular to the directrix, prove that QK, (%K aie equally mclmed 
to the axis 

Ex 8 An ellipse is inscribed m a tmngle , if one focus moves 
along the arc of a circle pissing through two of the angular points 
of the triangle, find the locus of the other focus [An arc of a circle 
through the same angular points ] 

E\- 9 If a quadrilateral cncuniscnbes an ellipse, the angles 
subtended bv opposite sides at one of the foci are together equal to 
two right angles 


♦Proposition XX ^ 

The tuo tangents ch awn to an ellipse fi om an external 
point aie equally inclined to the focal distances of that 
point 



Let OQ, OQ'be the two tangents fioin 0 
Join SQ, SO, SQ', S'Q, S'O, S'Q', and pioduce SQ to JR 
Let JS be the point of intersection of SQ' and S'Q 
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Then 

the angle $0Q=the angle OQR — the angle OSQ 

[Euc I 32 

= half the angle S'QR — half the angle QSQ' 
[Props XVII and XIX 
=half the angle SHQ 

Similaily, 

the angle S'OQ ' =half the angle S'lIQf 

Theiefoie, 

the angle jS0Q=the angle S'OQ' [Euc I 15 

Ex 1 Given two tangents to an ellipse and one focus, show 
that the locus of the centie is a light line 

Ex 2 On OQ, OQ take OK, OK' equal to OS, OS’ respectively 
Piove that KK' is equal to the inajoi axis. [If SQ pioduced to 
E be equal to the majoi axis, the triangles SOE and KOK' are 
equal ] 

Ex 3 The straight line joining the feet of the peipendiculars 
fiom a focus on two tangents is at light angles to the line joining 
the intersection of the tangents with the other focus 

Ex. 4 The extenoi angle between any two tangents is half the 
sura of the angles w hicli the chord of contact subtends at the foci 
[Cf Chap I .Prop XIX] 

Ex 6 The angle between the tangents at the extienuties of a 
focal chord is half the supplement of the angle which the chord 
subtends at the other focus 

Ex 6 Prove that 

i-SOS' + lS'Q0+lSQ'0=2 right angles 

Ex. 7 If from any point on an ellipse tangents are drawn to 
a confocal ellipse, these tangents aie equally inclined to the tangent 
at that point 

Def Ellipses which have the same foci aie called confocal 
ellipses. 

Ex 8 If a perfectly elastic billiard ball lies on an elliptic 
billiard tabic, and is piojected m any duection along the table, 
show that the lines m which it mo\ es aftei each successive impact 
touch a confocal conic 

Ex 9 Noimals at the extremities of a focal choid intersect m 0, 
and the coriespondmg tangents meet in T Piove that OT passes 
through the othei focus 
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PbopoiItiox XXI. 

The tangents at the exhemities of any chord of an 
ellipse intersect on the diameter uhich bisects the choid 



Let QCf l»e the choid, and qrf anyother choid parallel to it 
Let qQ and q'Cf produced meet in 0 Bisect Q(f m 
Fand let OF meet qf in i 
Then Ql r qi—OV Ov 

= C/V <(, 

Bui QY=(fV 

Therefore qv—fc 



Tlierefore OVv is the diameter bisecting the system of 
chords paialltl to QCf [Prop X. 

i 
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If now tlie ehoul qq' be made to move paiallel to itself 
until it coincides with QQ', qQO .and q'Q’O will become 
the tangents to the cuive at Q and Q' lespectively, and 
they thus meet on the diameter bisecting QQ' 

E\ 1 Tlie diametei of an ellipse tluough an external point 
bisects the clioid of contact of the bin gents fiom that point. 

Ex 2 Gnen a cliametei of an ellipse, to draw the si stem of 
clun ds bisected b) it 

E\ 3 The tangent at an) point P of an ellipse meets the 
tuigent at A m F Piovo that OF is pai*allel to A’P 

Ex 4 If OPCP' be a diametei tluough 0, OQ a tangent fiom 
0, and 01 be drawn paiallel to the tangent at P, then 
OP OP =0C OV 

Hence show that OP OP'=PV P'V [Tins shows that PP' is 
di\ uled liarinomcalh m 1” and 0 ] 

Ex 6 If any liue drawn parallel to the clioid of contact of two 
tangents to an ellipse meets the cuive, the segments intei ceptcd 
between the cuiie and the tangents are equal 

Proposition XXII 

If the tangent at any point Q of an ellipse meets any 
diametei CP pioduced m T, and if QV he the oidmate 
to that dwinetei , 

OV GT=OP 2 



Diaw the tangent PR at P, meetiug QT in R, and 
diaw PO paiallel to QT meeting QV m 0 
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Then since POQR is a paiallelogiam, RO bisects PQ, 
and theiefore passes thiough the centie C 

[Piop XI Y and XXI 

By similai tnangles 

GY CP = 00 GR = OP GT 

Theiefoie GY OT=GP 2 

Note — When the diametei coincides with the majoi 
axis, the lesulb is stated thus — 

If the tangent at Q meets the majoi axis 'produced in 
T, and QN he the perpendicular on the majoi axis, 

CN CT=GA 2 

When the diametei coincides with the nrunoi .axis, the 
lesult is stated thus — 

If the tangent at Q meets the mvnor axis pi oduced vn 
t, and Qn be the perpendicular on the minor axis, 

Gn-a-am.- 

These two particul u cases are important, and should be caicfully 
noted bj the student 

Ex 1 YH drawn parallel to PQ meets CQ in if Piovc that 
PJI is parallel to the tangent at Q 

E\ 2 If a senes of ellipses have the same majoi axis, the tui- 
gents at the extremities of then latent lecta meet it the same point 
on the minor axis 

Ex 3 If PT be a tangent to an ellipse meeting the axis m T, 
and AP, A’P be produced to meet the peipendiculat to the majoi 
IMS thiough T m Q and Q 1 , then QT- Q T [If AVbe the ordinate 
of P, the relation GT CA=CA CA r gives A'T A’N=AT AN ] 

Ex 4 If PN be pei pendiculai to the major axis, and the tamjent 
at P meet the major axis pioduced in T, any euclo thiough iV and 
T tuts the auxiluiy circle at light angles [If E be the centre of 
the circle, show that E2P + CA‘=EC'- ] 

Ex 5 The locus of the middle points of all focal clioids of an 
ellipse is a similar ellipse 

Let 0 be the middle point of a focal chord PSp, and let the 
tangent at Q where CO produced meets the cuive, meet the majoi 
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axis m T If OM and QM be the oidmates to the majoi axis, it 
leadilv follows that 

0J/2 _ QM- _ QM 1 
CM bM CM TM AM A'M 
Then apply Prop IX , E\ 9 

E\ 6 If CY, AZbe the peipendiculais from the centie and an 
extiennty of the majoi axis on tlie tangent at any point I\ show 
that CA AZ=CT AM 

Ex 7 If a vuiable tangent to an ellipse meet two fixed parallel 
tangents, it will mteicept segments on them whose rectangle is 
constant 

Let the tangent at Q meet the two parallel tangents Pit and pr 
in R and r Pp is a diametei (Pi op XIV , Ex 2) Let CD lie the 
seun-dnnietei parallel to PR meeting Ri in t Let Q V and Qu be 
ordinates to CP, CD , and let iR, pP meet m T Then apply the 
pioposition with lespect to the diametei s CD, CP 
Ex 8 In Ex 7 piove that the rectangle uudei the segments of 
the vaiiable tangent is equal to the square of the semi diametei 
drawn parallel to it (See Note on Tang<.nt-P> opet ties Ex 1, 2 
Newton, Book I , Lemma XXIV ) 

Ex 9 If P is any point on the ellipse, find the locus of the 
centie of the cncle mscubed m the tmngle SPS' [An ellipse If 
ON be the perpendiculai fiom the centie 0 on A A', it maj be 
shown that ON 1 MS MS'=SA- CD 1 

Then apply Prop IX , Ex 9 ] 

Ex 10 CD, CP ni e two semi-diameters of an ellipse Tangents 
it D and P meet CP and CD in K and T i espectivelj Pioie that 
the tnangle3 CDK and CPT aie equal m xiea 


Proposition XXIII - 1 

The locus of the foot of the 'perpendicular diaimfiom 
either focus upon any tangent to an ellipse is the 
auxiliary cucle, and the lectcmgle under the focal 
peipendiculais on the tangent is equal to the squaie of 
the semi-axis minor ( SY S'Y'=OB 2 ) 

'■Let SY, S'Y be the focal peipendiculais upon the tan- 
gent at any point P 

Join SP and S'P Pioduce S'P to meet SY in B 
Join GY 
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Then m the tuangles SPY, RPY, 

the angle SPY= the angle STY [Prop XVII 
= the angle RPY, [Euc I 15 



and the angles SYP, RYP are equal, each being a light 
angle, and YP is common, 


theiefore 

SP=PR. 


and 

SY= YR 

[Euc I 26 

Also 

SC = US', 


therefore GY is parallel to S'R, , 

[Euc VI 2 

therefore 

CY=j.S'R 
= l(S'P+PR) 

= t(ST+GP) 

[Euc VI 4 


= lAA' 

[Piop IV 


= CA 

Theieiore the locus of Y is the auxiliary cucle 

Similaily it may be shown that the locus of Y' is the 
same circle 
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Again, pioduce 7G and 7' S' to meet m y, then y will 
be on the auxiliaiy cucle 

Foi, since CS=CS ' and S7 is paiallel to S'y the tn- 
angles SG7 and S' Gy aie equal [Euc I 2G 

Therefoio Gy = G7= GA, showing that y is on the auxiliaiy 
cucle 

Also S7=S'y 

Theiefoie S7 S' 7= S'y S' 7' 

=S'A' S' A [Euo III 35 

=, HA SA' 

= GB 1 [Prop Y 

''Ex 1 CE p inillcl to the tangent at P meets &P f S’P m E t D 
Pioie that 

(0 l'E=PE‘ —VA 

(n) &E—SE' 

(m) tin. click uieunisuibmg the ti nuigles CSE and CS’E' are 
equal 

E\ 2 Tlio ceutial pci pendicul u on the tangent at P meets SP 
])ioducecl in Q Prove that the locus of Q is a circle [Centio /S 
Eadius = OA ] 

E\ 3 If fiom the centic of an ellipse lines be drawn parallel 
and peipcndiculai to the tangent at any point, they enclose a pait 
of one of the focal distances or tli it point equal to the other 
E\ 4 Given a focus and the length of the major axis, describe 
an ellipse touching tw o given straight lines 
E\ 5 Given a focus, a tangent, and the eccentiicitj, the locus 
of the other focus is a circle [Since CS=e Cl\ the locus of the 
ceu tie is obviously a cucle ] 

Ex 6 Prove tint the penmeter of the quadrilateral SYY'S' is 
the gicatest possible when FI" subtends 1 1 lght angle at tlieccntie 
E\ 7 A line is drawn thiough S' parallel to SP meeting FS'm 
0 Pi oi e tli it the locus of I' is a circle 
Ex 8 The right line drawn from eitliei focus to the adjacent 
point of intersection of any tangent with the auxiliaiy circle is pei- 
peudiculai to the tangent 

Ex 9 If thiough any point Y on the auxiliaiy cucle YP be 
drawn at right angles to S'F, YP will be a tangent to the ellipse 
Ex 10 If the vertex of a light angle moies on a fixed cucle, 
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and one leg passes through, a fixed point, the othei leg will alwajs 
touch an ellipse (Cf Chap I , Pro]) XXIII , E\ 4 ) 

Ex. 11 Given the majoi axis and a tangent, show that the 
directrix passes through a fixed point 
Ex. 12 The circle described on SP as diameter touches the 
auxiliary circle 

Ex. 13 Given a focus, a tangent, and the length of the major 
axis, the locus of the ceutie is a circle 
Ex. 14. Given the foci and a taugent, construct the ellipse 
Ex. 15 Alteniatue Construction for Pi op XVIII 
Let 0 be the external point On OS as diaiuetei describe a circle 
intersecting the auxiliary ciicle m Y and Y' Then OY and OY‘ 
produced will be the tangents required. 

Ex 16 The light line drawn from the centre parallel to cither 
focal radius i ector of an} point on an ellipse to meet the tangent at 
that point, is equal to the semi-axis major 
Ex. 17 Draw a tangent to an ellipse parallel to a gi\ en straight 
lute 

Ex. 18 Two ellipses, whose axes are equal, each to each, are 
placed in the same plane, with their centres coincident and axes 
inclined to each other Draw their common tangents [The com- 
mon tangents pass through the points m winch the lines joining 
the foci of the curves meet the common auxiliary circle ] 

Ex 19 Given a focus, a tangent, and the length of the minor 
axis, the locus of the other focus is a straight line 
Ex 20 If the rectangle under the perpendiculars fiom the fixed 
points on a right line be constant (=I 2 ), the line alwajs touches 
an ellipse of which the fixed pomts are the foci, and the minor 
axis=2l 

Ex. 21 A chord of a circle, ceutie C and radius », subtends a 
light angle at a fixed point 0 Pnno that it alwajs touches an 
ellipse, of which G and 0 are the foci, and the square of the semi- 
axis minoi =r- CO 1 

Ex. 22 If a second tangent to the ellipse intersect YPY’ at 
right angles m 0 , prove tliat OY OY'—CB 1 
Hence, pro\ e tliat G0 2 = GA J + OB 1 
(Cf Prop XXIV) 


* Proposition XXIV ' 

The locus of the intei section of tangents to an ellipse 
which cat at nght angles is a circle 
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Let the tangents OT, OT ' cut at light angles at 0 
Diaw SY, GK peipendiculai to OT and STT, GK' pei- 
pendicuhu to OT Jom GY, GU, GO Let GK, SU 
intersect in K 



Now Y and JJ aio on the auxiliaiy cncle, [Piop XXIII 
theiefoio GY=GU ~GA 

Then GO 2 = QIC- + GK' 2 [Euc I 47 

and GY 2 =CK 2 +YIP, 

- theiefoi e GA- = GK 2 +SH 2 , 

also CU 2 =CK' 2 +UK'\ 

« theiefoi e GA 2 = GK' 2 + GH 2 , 

theiefoio 2GA 2 =GK 2 +GK' 2 +SE 2 +KG 2 


— G0 2 +GS 2 , [Enc I 47 

but CSr=CA 2 —CB\ [Prop Y 

theiefoi e dS^GA 2 + GB 2 = A ^ 

Hence tho locus ot 0 is a cncle descubed with the centre 
G and radius equal to AB 


Note — This elicit is tailed the Du eciot Cncle of the ellipse 
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Ex 1 An ellipse slides between two fixed lines at right angles 
to each other, prove that the locus of its centie is an arc of a 
circle 

Ex 2 Any rectangle cucumscnbmg an ellipse is mscnbed m 
the duector cucle 

f f * 4 

* Proposition XXY 

Tangents at com'esponclvng points of an ellipse and its 
auxihai y cn cle intersect on the major axis 



Let the oidmate pPN meet the ellipse m P and the 
auxiliary cucle in the corresponding point p Let qQM 
be any other oidmate 

Then, because 

QM qM=GB CA 

=PiV piY, [Prop XI 

the stiaight line QP, qp pioduced meet the majoi axis in 
the same point T 

Now, if qQM be made to move paiallel to itself so as to 
coincide with pPN, the points Q, P and q, p will coalesce, 
and the choids QPT and qpT will become tangents to the 
ellipse and the cucle at P and p respectively 

Ex 1 Deduce this proposition fiom the pioperty CN CT= GA- 
(Prop XXII) 

Ex 2 The tangent at p meets CB produced in K Prove that 
CK PN=CA CB 
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Ex 3 Show that the locus of the intersection of the normals 
at P and p is a circle of which the radius is CA + GB [If the 
normals intersect in 0, and if PR be diawn parallel to the majoi 
.axis to meet CO m R, then, by similar tiiangles, it may easily be 
shown that OR—GA , GR—CB\ 

Ex 4 OQ, OQ’ aie tangents to an ellipse, ON is diawn pei- 
pendiculai to the axis Piove that the tangents to the auxiliary 
circle at the corresponding points q, q 1 meet on ON 

If QQ' produced meet the majoi axis m T, piove also that 
GN GT= GA 1 

[Foi the second pait, note that if ON meet the auxiliaiy circle 
in R, the tangent at R meets the majoi axis at the point i\ here 
QQ qq' meet it Cf also Prop XXII , note, which is a limiting 
case J 

E\ 5 In Ex 1, if ON meets the ellipse m r, the tangent at r 
intersects the majoi axis in T 


PROPERTIES OP NORMALS 
yf Proposition XXVI 

The normal at any pomt of an ellipse bisects the 
angle between the focal distances of the pomt 



Let the noimal at the point P meet the major axis 
in G Let YPY' bo the tangent at P 
Then the angle &PF= the angle 8'PY' [Piop XYII 
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Bub the angles GPY, GPY' are equal, being right angles , 

[Def 

therefore the angle SPG — the angle S'PG 

E\ 1 If the tangent and normal at any point P meet the 
minor axis in t and <7, then P, t, g, S, and S’ he on the same cncle 

Ex. 2 . Prove that the tuangles SPG and gPS' are snndar 

Ex 3 If fiom <7 a perpendicular gK he drawn on SP 01 S'P, 
show that PK=CA 

E\ 4 Prove that SP £3 P—PG Pg [The triangles PSg, 
PS£G are similar Ex. 1 ] 

Ex. 5 No normal can pass tluough the ceutie, except it he at 
an end of one of the axes. 

Ex. 6 The normal PG and the focal perpendicular on the 
tangent at P aie in harmonic piogicssion 

Ex. 7 The cucle desenbud 011 PG as diameter cuts SP, S’P in 
K and L Prove that PG bisects KL at right angles. 

* Proposition XXYII 

If the normal at any point P of an ellipse meets the 
majoi axis m G,SG = c SP 



Join S'P 

Then, since PG bisects the angle SPS', [Prop XXVT 
SG S'G=SP S'P, [EuuTLS 

theiefoie SG SG+S'G = SP SP+S'P, 
or SG SP=SG+S'G SP+S'P 
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But SG+S'G=SS' = e A A', [Prop III 

and SP+S’P*=AA' , [Prop IV 

theiefoie SG=e SP 

E\ 1 Show how to draw the noinial at any point without 
di awing the tangent 

Ex 2 If PM be drawn perpendieulai to the directrix, am] 
MS meet the mmoi axis m q, show that Pg is the normal at P 
Ex 3 A peipendiculai is drawn from a fixed point M on the 
m.ijoi axis of an ellipse, on the tangent at any point P The locus 
of the intersection of this pei pendicular w ith SP is a circle 
Ex 4 If GE be perpendieulai to SP, prove that PE is equal 
to half the latus lectuni [PSiV and SEG aie stmilai triangles, 
theiefore SE—e SX, SP=o MX, so that PE— a SX ] 

Ex r > In Ex 1, show that GE—e PM 
Ex 6 Show that 

P<?-’ SP S'P=C& CM 

(Cf Prop XXVI, Ex 4, and Pi op XXVIII) 

{ / ] Proposition XXVIII 

The normal at any point of an ellipse, tei minuted by k. 
eithei axis, vai tes mvei sely as the centi al peipencltculao 
on the tangent ( PG PF=GB 2 Pg PF = CA 2 ) 



Let the normal at P meet the major axis m G and the 
mmoi axis m g , let the tangent at P meet them m T 
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and t lespeetively Diaw PH, Pn peipendiculai to the 
major and mmoi axis, and let a stiaight line tlnough the 
centie, diawn parallel to the tangent atP, meet PH, PG, 
and Pn pioduced, in B, F, and r respectively 

Then, since the angles at H and F aie light angles, 
G, F, B, H lie on a cncle , theiefoie 

PG PF=PH PB [Euc III 36 

= Cn Ct [Euc I 34 

= OB 2 [Piop XXII , Note 

Again, since the angles at n and F aie light angles, g, F, 
n, r he on a cncle, theiefoie 

Pg PF—Pn Pi [Euc III 36 

= CH CT [Euc I 34 

= CA- [Prop xxn, Note 

Theiefoie both PG and Pg vaiy mveisely as PF, which 
is equal to the central peipendiculai upon the tangent 
at P 

^Ex 1 If CF meet the focal distances of P m E and E, piove 
that Pg subtends a right angle at E and E (See Pi op XXIII 
Ex. 1 ) 

E\ 2 If the cncle thiough P, S’ meets the mmoi axis in 
q on the side opposite to P, pro\ e that Sg vanes as PG 

Ex 3 PQ is diaw n at light angles to SP, meeting the diunetei 
parallel to the tangent at P m Q Piove that PQ vanes mveisely 
as PE 


Proposition XXIX 

If the nmmal at any point P on an ellipse meets the 
major axis m G, and PH be the oi dmate to that axis, 

(i) GH CH = CBr CA 2 
(u) CG=e 2 ,CH 
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Let the normal meet the minoi axis in g Draw Pn 
petpendiculai to the minoi axis, and CP paiallel to the 
tangent at 1* 



Then, because the triangles PPG and Png are similai, 

GN CP=PG Pcj [Euc.YL2 

=PG PF Pg PF 
= GB 2 CA \ [Prop XXVIII 

therefore Q£-GP CP=CA 2 ~CB 2 CA 2 , 

or CG CP=C& CA 2 [Prop Y 

But 08 =e CA, [Prop nx 

therefoie CG—e 2 CP 

Ex 1 In the figure of Prop XXVIII , prove that — 

- (i) CG CT=C& 

(n) Cq Ct=CS- 
(m) AG CT=GB' 

(n ) Tg, tG intersect at right angles. 

Ex 2 Find a point P on the ellipse such that PG may bisect 
the angle between PC and PS 

Ex. 3 In the figure of Prop XXVIII , prove that the rect- 
angle undei the foc-u perpendiculars on PG=CF PT 

PROPERTIES OF CONJUGATE DIAMETERS 
Proposition XXX 

If one diametei of an ellipse bisects chords paiallel to 
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a second, the second diameter bisects choids 'parallel to 
the Jhst 



Let GP bisect clioids paiallel to OB, then CD bisects 
choids paiallel to CP 

Diaw A'Q paiallel to CD, meeting CP m V, join AQ, 
meeting CD m U 

Then A^ifTbisecfced m V and A A' m C , theiefoie 

GV is parallel to A Q [Euc VI 2 

Again, since A A' is bisected in C, and CD is paiallel to 

A'Q, AQ is bisected by CD [Euc VI 2 

Therefoie CD bisects all choids paiallel to AQ, [Piop X 

and theiefoie all chords paiallel to GP 

Def Two diameters so 1 elated that each bisects choids 

parallel to the othei aie called Conjugate Diameteis 

Thus GP and CD aie conjugate to each othei , so also are the 
majoi and nunoi axes 

Ex 1 If one diametei is conjugate to anothei, the fust is 
parallel to the tangent at an extremity of the second (Pi op XIV ) 
E\ 2 Given an ellipse and two conjugate diameteis, show how 
to draw the tangent at any point 
If CP, CD be conjugate diameteis, and Q V is diawn parallel 
to CD, Q V is the ordm ite to CP In C‘P pi oduced take T, such 
that CV, CT= OP* QT is the tangent at Q (Pi op XXII) 
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Ex 3 If CQ be conjugate to the normal at P, then CP 13 con- 
jugate to the normal at Q 

Ex 4 The focal peipendiculars upon CP and CD, when pro- 
duced back wauls, will mteisect CD and CP on the directrix 
(Apply Pi op XXIX, Ex 2) 

Ex 5 The focus is the orthocentre of the triangle formed by 
any two conjugate diameteis and the dnectnx (See Prop X., 
Ex 1) 

Ex 6 Any diameter is a mean piopoitionxl between the focal 
choid parallel to it and the nnjoi axis [The conjugate diameter 
CD will bisect the focal clioid Then apply Pi op XXII, and 
Piop XXIII, Ex 16] 

Ex. 7 The rectangle undei the intercepts on any tangent 
between the cuive and any two conjugate diameters, is equal to 
the squaie of the semi diametei parallel to the tangent, and 
conversely 

Let the tangent at Q meet the conjugate semi diameters CP, 
CD u T, T', and let CR be the senu-diametei parallel to Ti" 
Let the tangent at if parallel to CQ meet CD m t Draw the 
ordinates Q V, Rv with lespect to CD, parallel to CP Then 

CY CT' — Cv Ct=CIP [Prop XXII 

By similai tiiangles, 

QT CR=C7 Cv—Ct CT*=CR QT' 

Tlieiefoie QT QT’=CR? 

Ex 8 Giv eu m magnitude and position any two conjugate 
senu diameteis CP, CD of ail ellipse, find the major and mmoi axes 

Pioduce CP to K \ such that CP PE— CD 2 Bisect CK m 0, 
and let the line through 0 at light angles to CK meet the line 
through P parallel to CD m E With centie H and radius EC, 
describe a circle cutting PE m T, T , the cncle will also pass 
tlnough K Then CP, CT' will coincide with the directions of 
the majoi and nunoi axes lespectn ely 

Fox PT PT' — CP PE— CLP , thoiefore CT, CT’ are conjugate 
diameteis (Ex 7), and as they aie at light angles, they must 
coincide with the diicctions of the majoi and nnnoi axes (Cf 
Piop XXXIII , Ex 3 , see also Miscellaneous Examples, 13, 14, 
15, 16 ) 

To determine the magnitudes of the axes, obseive that Tl'T' is 
the tangent at P, and apply Piop XXII , note 

Ex 9 PP' is a fixed line Find the locus of a point Q which so 
moves that QY being drawn in a fixed direction to meet PP' in V, 
Q V i is to PV P' Tin a given ratio 

Bisect PP' m C, and through C draw CD m the fixed duection, 
such that CD 1 is to CP 1 in the giv en ratio Then the locus of Q 
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will be tlie ellipse described witli CP and CD as conjugate semi- 
dnmeters (Ex. 8) Apply Pi op XII , and cf Pi op XXXII 
Note — If (JY-—PV P V, the semi-diameters CP, CD \\ ill be equi- 
conjuqate In tins case the position of the majoi and minor axes 
may be at once determined, as they bisect the angles between the 
equiconjugate diameters. (See Piop XXXI , Ex 3 ) 

Ex 10 A senes of ' ellipses have their equiconjugate diameters 
of the same magnitude One of these diameteis is faxed and com* 
mon, while the other varies The tangents drawn from any point 
on the fixed diameter produced xx ill touch the ellipses m points 
situated on a cncle (Apply Pi op XXII ) 

Ex 11 If CN, CP are the abscissa and ordinate of a point P on 
a circle whose centie is C, and NQ be taken equal to NP, and be 
inclined to it at a constant angle, the locus of Q is an ellipse 

Def Chords which join any point on an ellipse to the 
extremities of a diametei are called supplemental chords 


Proposition XXXI 

Supplemental choi ds of an ellipse ai e pat allel to conju- 
gate diametei s 



Join any point Q on the ellipse to the extremities of a 
diameter LCM Then QL and QM aie supplemental 
chords 

Draw CJP, CD parallel to QL, QM lespectively , then 
they shall be conjugate diameters 

G 
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Because LM is bisected 111 C and GP is paiallel to LQ, 
GP bisects MQ, [Euc VI 2 

and, therefoie, all choids paiallel to CD [Prop X. 

Theiefore CD bisects all choids paiallel to CP, [Prop Yyy 
and is theiefoie conjugate to GP, 

Ex 1 Prove that foi any assumed pan of conjugate diameters 
theie can he diawn a pair of supplemental choids paiallel to them 

Ex 2 The diagonals of any parallelogiam circumscribed to an 
ellipse aie conjugate diameteis [The diagonals pass thiough the 
centie of the ellipse Then see Note on Tangent-Properties, 
Ex 1,1] 

Ex. 3 The diagonals of the lectangle foimed by the tangents at 
the extiennties of the majoi and nnnoi axes of an ellipse aie equi- 
conjugate diameteis 

Ex 4 The tangent at anj point Q on an ellipse meets the equi- 
conjugxte diameteis m T and T Pioae that the tuangles QCT 
and QCT' aie as CT- CT'- [Applv Pi op XXII ] 


* Proposition XXXII 

The square of the oi chnate of any point on an ellipse 
with t espect to any diameter vanes as the rectangle under 
the segments of the diametei made by the ordinate 
(QF 2 PV P'V=CD~ GP 2 ) 



Let QVQ' be a double oidmate with i espect to the 
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diameter PGP', meeting it in V Let CD be the semi- 
diameter parallel to QV 

Now GP bisects QQ' and tlieiefoie all chords paiallel to 
QV Ol GD [Del aud Pi op X. 

Therefoie GD is conjugate to GP [Def 

But QV Q'V PV P'V=GD- CP- [Prop XII 

and QV=QfV 

Therefore QV 1 PV P'V=GD- GP 2 


E\ If QP, QP’ meet CD, CP in J f, X rinpectivclj , prove that 
CM OX —CD ' 1 



Proposition XXXIII 


If GP, GD be two conjugate semi-diamete i s of an ellipse 
and ordinates PH, DR be drawn to the majoi a m, then 
(i) PH GR=DR CH—GB CA 
(n) GH 2 +GR 2 =CA°- 



Let HP aud IiD pioduced meet the auxihaiy cncle in 
p and d Join Gp, Gd, and let the tangents at P and p 
meet the major axis pioduced in T [Pxop XXV 

Then, because PT is parallel to GD, [Props X. and XI V, 
the tnangles HPT and RDG are similar 
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Therefore NT RG=PN DR? [Euc VI 4 

but PN DR-pN dR, [Prop XI 

therefore NT RG—pN dR, 

and the angles pNT and dRG aie equal, being right 
angles Theiefore, the tuangles NpT and RdC aie 
similar [Euc VI 6 

Therefore the angles pTN and dGR aie equal 
Therefore pT is parallel to dC and the angle dGP== the 
angle CpT= a light angle 

Therefore the angle jaCATss the angle CdR, each being 
the complement of the angle dGR 
Theiefore the two triangles pCN and dGR are equal in 
every respect [Euc I 26 

Therefore GR=pN 

and PN GR=PN pN 


— CB GA [Prop XI 

Similarly DR GN=GB GA 

Again, GN 2 + GR * = GN s +pN 2 

= Op 2 =GA 2 


Ex 1 If CQ be perpeudiculai to PT, prove that 
CQ QT CT-=G'iV PJT CD 2 

E\ 2 If the noimal at*P meets the major anil minor axes in G 
and g respectively, piove that 

(i) PG CD=CB CA, 

(u) Pg CD=CA CB, 

(m) PG Pg=CIP 

Ex 3 Prove that if two conjugate diameters be at right angles 
to each other, they must be the major and minor axes of the ellipse 

Ex 4. Prove that 

(SP- CA) S +(SD— CA)-=CS i 

Ex 6 If the tangent at the vertex A cut any two conjugate 
diameters m T and t, show that AT At— GPP 

Ex 6 Apply Prop XXII to prove this proposition 
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If the tangents at J 3 and D meet the major axis m T and t, it may 
easily be shown from the relation 

CJt CX=GT Ct, 

that CN'esCR lit = Alt A'R 

Then apply Prop IX 



Proposition XXXIV 


The sum of the bquai es of any tuo conjugate semi - 
diameteis ts constant ( CP* -f- CD 2 = CA - + CJP ) 


1 




. 1 '' 

\ / : V 




r x 
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Let CP, CD bo the conjugate senn-diameters, and let 
PN, DR be the ordinates to the majoi axis. 

Then PiV CR=CB CA. [Prop XXXIII 

Therefore PN 2 CR^CB 2 CA 2 

Similarly DR 2 CN 2 =CB 2 CA 2 , 

therefore PN 2 + DR- CN 2 +GR-=CR?- CA 1 ’, 
but CW+CR^CA 2 , [Prop XXXIII 

therefore PN 2 +DR 2 = GB\ 

therefore CP 2 +CD 2 =CA 2 +CB 2 [Euc I 17 

Therefore, in the ellipse, the sum of the squares of any 
conjugate semi-diameters is constant, being equal to the 
sum of the squares of the semi-axis major and semi-axis 
minor 


Ex. 1 Find the greatest value of the sum of a pan of conjugate 
diameters -[The diameters must be equiconjugate ] 
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Ex 2. If PG, DH be the normals at P and 2), prove that 
PG i + DEF is constant. 

Ex 3 Prow that SP S'P^CP 1 [&P+S'P=2CA Then 
square and substitute.] 

Ex 4 OP, OQ are tangents to an ellipse, and SQ is produced to 
meet the directrices in R, R Pro\ e tluit 

PR PR QR QR'—OP 2 OQ 1 
pf PJfand QX be the ordinates, it can easily be sliowu that 
PR PR _ 21 X JfX’_SP"s‘P 
QR QR XX AX' i>Q RQ 
Then applj E\ 3 and Note on Tangent- Properties, Ex 1 , 1 ] 

* Proposition XXXY\ 

The cuea oj the jjuuillelogi am formed by the tangent t> 
at the ext) entities oj a jjcui oj conjugate diameteis is con- 
stant (CD BF=CA GB) 



The tangents at the extremities of two conjugate 
diameters BOB' and BCD' will evidently form a 
parallelogram, [Prop. XTV 

the area of which is four times that of the parallelogram 
GDTB, where T is the intersection of the tangents at B 
and D 
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Let the normal at P meet the majoi axis in G and 
DGD' in F Draw the oidmates PN and DR to the 
major axis 

Then, since the angles at AT and F aie light angles, 
the angle (rPiV= the angle GGF— the angle DGR 

[Euc I 15 and I 32 

Theiefore the two ught-angled tuangles GPN and DGR 
are similai 

Therefoie PG GD=PN GR 

= GB . GA, [Piop XXXIII 

theiefoie PG PF GD PF=OB 2 GA GB , 
but PG PF=GB\ [Prop XXVIII 

theiefore GD PF=GA GB 

Again, the aiea of the parallelogiam GDTP 
— CD PF—GA GB = constant, 
which proves the pioposition 


Ex 1 Pind the least xalue of the sum of a pan of conjugate 
diameters [The diameters aie the majoi and the nunoi axis Cf 
Prop XXXIV, Ex 1] 

Ex. 2 Prove that the parallelogram foinied by the tangents at 
the extiemities of a pan of conjugate diameteis is the least that 
can be circumscubed about the ellipse 
Ex 3 If PG meets the miuoi axis m g, piove that 
PG Pg — CD 1 

(Prop XXVIII Cf Prop XXXIII , Ex 2 ) 

Ex 4 If SYhe the pei pendicular upon the tangent at P, piove 
that SP SY=CD GB 

[In the figure of Prop XXIII , 

SP_ S'P _ SP+S'P _ GA 
BY B'Y' BY+S'Y' OK* 


where GK is the central pei pendicular upon the tangent at P 


Therefore 


SP^GA^CD 1 
BY PF GB J 


Ex 5 Prove that SP S'P=CD 2 [FiotnEx 4 
SP S'P GTT- 
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Then apply Prop XXIII Cf also Pi op XXXIV , Ex. 3, and 
Prop XXXIII , E\ 2, along with Piop XXVI , Ex 4 ] 

Ex 6 If the tangent at P meet tho minor axis in T t prove that 
the areas of the triangles SPS‘, STS' aio as CD 1 3T\ [Cf Prop 
XXVI, Ex 1] 

Ex 7 If BQ be drawn parallel to SP and CQ peipendicidar to 
BQ, prove that CQ=CB (Soe Ex 4 ) 

Ex 8 The tangents drawn fiom I) to the circle on the minor 
axis as diametei ai e parallel to the focal distances of P (See Ex. 4 ) 
Ex. 9 If on the noimal at P, PQ be taken equal to tho semi- 
conjugate diameter OB, the locus of Q is a circle whose centre is G 
and radius equal to GA - CB [Apply Prop XXXIV ] 


Miscellaneous Examples on the Ellipse 

1 Find the locus of the point of intei section of any 
tangent to an ellipse, with the line diawn fiom the focus 
making a constant angle with the tangent 

[A circle Cf Prop XXIII Obseivo tint if tho veitex of a 
triangle of a given species be fixed, while one base angle moves 
along a fixed cucle, the locus of tho othei base angle is a circle ] 

2 The line drawn paiallel to the axis through the 
intersection of noimals at the extremities of a focal 
choid, bisects the chord 

3 S, S' aie the foci of an ellipse, S' R is diawn equal 
to A A’ , the line bisecting US at right angles touches the 
ellipse (Newton, Book I, Prop XVII) 

4 Given a focus, the length of the majoi axis and two 
points on the cuive, to constiuct it (Apply Pi op IV 
Newton, Book I , Prop XVIII ) 

5 Given a focus, the eccentricity, and two tangents, to 
construct the curve (Apply Piop XXIII, Ex 5 
Newton, Book I , Piop XX ) 

6 Given a focus, the eccentucity and two points 
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on the curve, to constiuct it (Newton, Book I, 
Pi op XX) 

[The directrix touches the two circles having their centies at 
the given points, and radii equal to c times their focal distances ] 

7 Given a focus and the eccentricity, to describe an 
ellipse touching a given line at a given point (Newton, 
Book I, Prop XX) 

[Let S be the giv en focus, and P the given point on the tangent 
YPY' (Fig Prop XXIII) Draw SY at light angles to PY 
and produce it to It, so that YR= YS Divide &II internally and 
externally at the points K, L m the ratio SA AX , the circle on 
KL as diameter meets RP in S' ] 

8 The lectangle under the peipendiculars let fall fiom 
any point on an ellipse on two opposite sides of an 
inscribed quadnlateial is m a constant ratio to the 
rectangle under the perpendiculais let fall on the othei 
two sides 

[The proposition holds if instead of perpendiculais on the sides, 
lines are drawn making a constant angle with them Newton, 
Book I , Lemmas XVII -XIX] 

9. The rectangle under the perpendiculars let fall from 
any point on an ellipse on two fixed tangents is m a 
constant ratio to the square of the peipendiculai on their 
chord of contact 

10 If two fixed tangents to an ellipse bo cut by a 
diameter parallel to their chord of contact and by a thud 
variable tangent, the rectangle under the segments of the 
two fixed tangents, intercepted between the diameter and 
the variable tangent, is constant 

11 The right line joining the middle points of the 
diagonals of a quadrilateral circumscribing an ellipse will 
pass, through the centre (Apply Ex 10 and Prop XXI , 
Ex 5) 
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12 If a quadrilateral be circumscubed to an ellipse 
the diagonals will intersect on the chord of contact of the 
sides 

13 Given two conjugate diameters in magnitude and 
position to construct the ellipse 

[Through the extieraities P, F, D, H of the given conjugate 
diameters PGP', BCD', draw lines parallel to them, forming the 
parallelogram EFGH Divide the lialf side BE into any number 
of equal parts at R, IG, etc Divide BO into the same number of 
equal parts at r', r ', etc The intersection of PR' and Pi* detei- 
mines a point on the ellipse ] 

14 Given two conjugate serai-diameteis m magnitude 
and position, determine the axes 

[Let CP, CB be the conjugate semi-diameters Draw PR pei- 
pendicular to CB, and on PR take PQ, P(/ on opposite sides or P, 
each equal to CB , then the axes aie lq direction the bisections of 
the angle QC&, while their lengths are the bum and difference of 

cQ,ccn 

15 Given two conjugate semi-diameters in magnitude 
and position, determine the axes 

[Let CP, CB be the conjugate semi-diameters Draw PR per- 
pendicular to CD, and on it take PQ=CB On CQ as dianietei, 
describe a circle, and let 0 be its centie. Join OP, cutting the 
circle m U and F , join CE, CF, and take on CE, OF, CA=-JtP, 
GB—EP Then CA, CB are the semi-axes sought] 

16 Given two conjugate semi-diameters CP, CD, with 
centre C and radius CP describe a circle, and let KK' be 
its diameter at right angles to CP , then will the axes of 
the ellipse be equal to KD ± K'D, and parallel to the 
bisectors of the angle KPK ' 

17, Any diameter of an ellipse vanes inversely as- the 
perpendicular focal chord of its auxiliary circle 

18 If any lectangle cucumscnbe an ellipse the pen- 
meter of the parallelogiam formed by joining the points 
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of contact is twice the diametei of the dnectoi cncle 
(Prop XXIV) 

19 Given a focus, the length of the majoi axis, and 
that the second focus lies on a fixed stiaight line, prove 
that the ellipse touches two fixed parabolas having the 
given focus for focus. 

20 Two given ellipses m the same plane have a 
common focus, and one l evolves about the common focus 
while the other remains fixed , the locus of the point of 
intersection of then common tangents is a cncle 

(If II be the second focus of the fived ellipse, A" of the revolving 
ellipse, and b lt b, their senu minor t\ea, 

nr Ar=v 

viliue T is the point whose locus is sought ] 

21 TQ, TQ' are tangents to an ellipse , CQ, CQ\ QQ\ 
OT are joined , QQ' and CT mteisect m V Piove that 
the aiea of the triangle QCQ f vanes mveisely as 

/CV\l/TV\l 
\TV) + \C iVJ 

22 SY, S'Y' uo peipendiculais on the tangent at P 
Pei pend iculais fiom Y, Y' on the majoi axis cut the 
circles of which SP, S'P aie diameteis m I, J lespectively 
Prove that IS, JS', and BC pioduced meet in the same 
point 

23 An ellipse touches two given lines OP, 0Q m P 
and Q, and has one focus on the line 1 3 Q Find the othei 
focus and the directrices 

24 S, S' are the foci of an ellipse, SY is perpendicular 
on the tangent at P Piove that S'Y bisects the normal 
at P 

25 OP, OP are two conjugate semi-diaraoteis of an 
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ellipse , Ri is a tangent parallel to PD , a straight line 
GIJ cuts at a given angle PD, Rr m I, J Prove that 
the loci of I and J are similar curves [It can easily he 
shown that (XT- 2 CJ 2 —1 2] 

26 A system of parallelograms is inscribed in an 
ellipse whose sides are parallel to the equiconjugate 
diameters Prove that the sum of the squares on the 
sides is constant 

27 OP, OQ are tangents to an ellipse , CU, CV are the 
paiallel serni-diameteis Piove that 

OP OQ+GU GV—OS OH' 

28 P, Q are points on two confocal ellipses at which 
the line joining the common foci subtends equal angles 
Piove that the tangents at P, Q include an angle equal 
to that subtended by PQ at eithci focus 

29 The foci of a given ellipse A lie on an ellipse B 
the extremities of a diameter of A being the foci of B 
Prove that the eccentricity of B vanes as the diameter 
of A 

30 Normals at the extiemities P and D of two con- 
jugate semi-diameters meet in K Prove that GK is 
perpendiculai to PD 

31 If GP, GP be semi-diameters of an ellipse at right 
angles to each other, piove that 

GP- GP’ 1 

is constant 

32 Having given the auxiliary circle of an ellipse and 
a tangent to the ellipse touching the ellipse at a given 
point, find the foci. 
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33. Find the locus of the centres of circles cutting a 
given ellipse orthogonally. 

34. An ellipse is inscribed m a given triangle. If one 
of the foci is known, show how to find the ellipse and its 
points of contact with the sides of the triangle 

35 Two fixed points Q, Jt and a variable point P are 
taken on an ellipse , the locus of the orthocentre of the 
triangle PQR is an ellipse 



CHAPTER III 


THE HYPERBOLA 
DESCRIPTION OF THE CURVE 


Proposition I 

Given the focus, dhectrv c, and eccenti icity of a hypei- 
bola to determine any number of points on it 



Let S be the focus, MXM the duectux, and e the 
eccentricity 

Thiough 8 draw SX perpendicular to the duectnx. 
Divide 8X m A so that 

8A = e AX 

no 
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Also, hi BX pioduced,* take A' so that 

$A'=e A'X 

Then A and A' aie points on the hypeibola and are its 
vertices 

Take any point X on A' A produced Thiough X diaw 
PiYP' peipendicular to AA\ With centie S and ladius 
equal to e XX, desenbe a circle cutting PXP m P and 
P f Then P and P' shall be points on the hypeibola 
Diaw PM, PM peipendicular to the dnectux 
Then SP—e XX [Const. 

= c PX U 

and SF=c XX 

— e PM’ 

Therefore P and P aie points on the hypeibola 
In like manner, by taking any othei point on A' A pro- 
duced, a senes of points on the curve may be determined 
lying on the light hand side of the dnectux 

Again, if X bo taken on A A' pioduced, anothei senes 
of points on the cuivo may be detei mined lying on the 
left hand side of the dnectux 

Def. The length of the axis mtcicepted between the 
vertices (A, A') of the hypeibola is called the tianam'sc 
axis 

Def. The middle point (0) of the tians verso axis is 
called the cenh e of the hyperbola 

Def. A straight line BGP passing thiough the centie 
and perpendicular to the tiansveiso axis, such that 
OP- = GP 2 = CS 1 — GA- —SA SA ' 
is called the conjugate axis 

* Suite i. is greatei than unity, it is dc.u tint A will lie between 
S and X, and A’ without SX on the side 1 emote from S 
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Tlie conjugate axis, unlike the* inmoi axis of the ellipse, docs not 
meet the cui ve at all (See Ex. 3 below ) Its utility in establish- 
ing pioperties of the hypeibola will appeal latei on 

Ex. 1 The hyperbola is symmetrical with respect to its axis 
Corresponding to any point N on the line A' A produced, we get 
two points P and P‘ such that the chord PP' is bisected at right 
angles by the axis A' A [Def 

Ex 2 Any two right lines drawn from any point on the axis to 
the curve on opposite sides of the axis, and equally inclined to it, 
are equal, and conversely 

Ex 3 Show that the hyperbola lies wholly outside the lines 
drawn through A and A' at right angles to the axis 
In older that the circle may intersect the line P*\ P, the point N 
must be so situated that SN may not be greater than the radius of 
the circle SP, tliat is, e NN It may be shown that this is the 
case only when N does not lie between A and A' 

Ex. 4 Hence, the hyperbola consists of two distinct branches 
lying on opposite sides of the lines drawn through the vertices at 
right angles to the axis 

Ex. 5 There is no limit to the distance to which each bpmch of 
the hyperbola may extend on both sides of the axis, so that the 
hyperbola consists of two infinite branches 

It is obvious that the point N may be taken anywheie on the 
axis beyond A and A' 

Note — It will be remembered that the parabola consists of one 
infinite branch (Chap I , Prop I , Ex 9) and that the ellipse is a 
closed oval (Chap II , Prop 1 , Ex 6) 

Ex 6 In any conic, if PR be drawn to the dn ectnx parallel to 
a fixed straight line, the ratio SP PR is constant 
Ex 7 If an ellipse, a parabola, and a liy peibola have the same 
focus and directux, the parabola will lie entirely outside the ellipse 
and inside the hyperbola (Cf Chap I , Prop I , Ex 6 and 7 ) 

Ex. 8 Piove that the locus of a point of trisection of an arc of 
a circle described on a given base is a hj perbola 
Ex 9 If a circle touches the transveise axis at the focus, and 
passes through one end of the conjugate axis, the portion of the 
conjugate axis intercepted =CA 2 ICB 
Ex 10 Prove that the locus of the point of intersection of two 
tangents to a parabola which cut at a constant angle is a liy perbola. 

Let OP, 0Q be two tangents to a parabola, cutting at a constant 
angle a Draw 01, OU perpendicular to the directrix and SP , 
then 01= SW (Chap I,Piop XIII), and 

OS 01= OS 1 SU . ; 
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winch is a const ml ratio gieatci thru umt\ since L.Q8P=t—u. 
(Chap I, Piop XIX) The locus of 0 is, theietoic, a hv pcibola 
having the same focus ind direotnx .is the parabola. 

Ex 11 Pis any point on i given hyperbola («?== 2) D is taken 
on the avis such th it SD=f>A' If A'P meets the 1 itus lectum in 
A', hiul the locus of the lutu section of JDK and SP [The circle on 
.1'/) .is diamctei ] 

Ex. 12 The anguhu point A of v triangle AliC is fixed, and the 
angle A is given, vilnle the point-* Ji and ?' move on i fixed light 
lim bind the locus of the centie of the cucumsuibing ciicle of the 
triangle [A hjpubola of vilitch A is the focus and PC the 
directrix ] 


Proposition II 

The hyperbola is synuneti teal with icspect to the eon- 
pu/ate arts and has a second focus (S') and direct i ia 



Let S be the given focus and MX the given directuv 
Take any point M on the directux and tlnough the 
veitices A and A' diavv All, A'JT at tight angles to A A', 
meeting the stiaight lme through M and S at II and IT 
lespeetively 

Describe a ciicle on HIT as diametei, and tlnough M 
draw PMP' parallel to AA', to meet the ciicle m P and 
P', Then P and P 1 shall be points on tho hypeibola 

II 
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Foi SH UM=SA AX 

= e, 

and SH' MI1'=SA' XA' 

=e, 

therefoie * SII IDI=SI1 J ME, 

and the angle 11 PE is a light angle, theiefoie PH 

bisects the angle SP31 

Theiefoie SP PM=S1I I TM 

~SA AX 

=e 

Therefore P is a point on the hvpeibola 

Sumlaily it may be shown that P' is a point on the 
hypeibola 

Again, the straight line diawn tlnough 0, the centie of 
the cncle, at light angles to A A', will bisect both A A' 
and PP' at light angles, and will theiefoie coincide with 
the conjugate axis in position 

The hypeibola is theiefoie symmetrical with lespect to 
the conjugate axis 

Hence the two blanches of the hypeibola, lying on 
opposite sides of the conjugate axis, aie such that each is 
the exact reflexion of the othei Therefoie, if A' S' be 
measuied off=A$ and A'X'=AX, and X'3^ lie diawn at 
right angles to X'S, the cuive could be equally well 
descubed with S' as focus and X'3 I x as dnectnx The 
hypeibola has theiefoie a second focus S' and a second 
duectux X'M 1 

E\ Eveij chord diasra tluougli the centie <7 and terminated bj 
the Us o branches is bisected at that point [From the ss nnnetiy of 
thehgiue] 

From this propeitj the point C is called the cent) e of the cmve 
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PROPERTIES OP CHORDS AND SEGMENTS OP 
CHORDS 


Proposition III 


Inthcliypeihuhi CA =<’ CX 

CS — e CA 
CS GX^CA* 



We June fioiu the definition 

— . 11 , 

,$U'=e.M'A'=< AX' 

Thucfore, by subtraction, 

AA'=* e(AX' — AX / 
=e A'A" 

Therefore CA =e CX 

By addition SX'—e (AX-pA'Xf 

= e A A'. 

Therefore CX — e CA 

Therefore CX, CX=CA\ .. , 


0) 

(»> 

0»O 


0) 


<m) 
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Ex 1 Given the transverse and the conjugate axis, find the focus 
and the directrix 

Ex 2 Prove that 

Ex 3 If the hne thiough B parallel to the tians\ erse axis meet 
the latus lectum m D, then will the tn ingles SOB, SXJ) be similar 

Ex 4 Piove that 

*S'A 2 AX A!X=CB 1 GA 2 

E\ 5 If any line through the centie meet the pcipendiculai 
through A to the transverse axis m 0 and the directrix m E, then 
AE is parallel to SO 

JCx 6 In Piop I , Ex 8, find the distance between the centies 
of the two lijperbolas which aie the loci of the points of tmcction 
of an aic of a cucle descubed on a given bise [One thud of the 
gi\ en base ] 


PltOPOSI'lION IV 

The difference of the focal distances of any ‘point on a 
hyperbola is constant and equal to the tiansvcise axis 



Let P be any point on tbe hypeibola Join PS, 
PS', and thiough P draw PMAT perpendiculai to the 
dnectrices 
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Then SP—e PM, 

aud S'P = e PM' 

Theiofoie S'P—SP = e{PM' — PM) 

—c MM' 

= e XX' 

* z=AA' [t*>op III 

Ex 1 Slum hu\v to constim t the hypeibola mechanically 



First Method — Suppose a bar SQ, length j, to lcvohe round its 
extremity S’ w Inch is ii\ed Ihoi it a stung of gi\eu length l, 
attached to the bar at Q and also to a fixed point «S, be always kept 
stretched by means of a penal at P pi evicd ag unst it (the part QP 
of the string being m contict with the lod), the pencil wall trace 
out a liy perlmla w ith foci at S and A", and the trans\ ersc axis equal 
to (i - 1) For 

S’P+FQ=, 
and SP+PQ—l, 

S'P-SP—i - l — constant 

It shoidd be observed that l must be less than / and greatei than 
j -&S’ 

In the same manna , by making the bai rnohe louiul S as 
centre, the other branch of the In nubola may be described Tho 
otliei branch may also be described by taking the struig longer than 
the ro<l by the length (r-l) 

Second Method — Suppose two equal tlim cnculai discs A and B 
attached to each otliei, to lotats in the same ducctiou round an axis 
tluough their common ccntic , aud suppose tho two cuds of a fine 
string (which is w tapped round tho discs and passing tluough small 
rings at C aud D in tho plane of tho discs, is kept stretched by tho 
point of a pencil at P) to bo wound oil fioin the two discs The 
curve traced by P will ha\e the piopeity CP— 2>,P= constant, and 
will, theiefoic, be a hypeibola 
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Ex 2 Given the foci and the tiansveise axis to deteimme any 
number of points on the curve 

Describe a cncle with centie S and any radius r , describe a cncle 
with centre S' and radms=7 , +AA' The two circles intersect in 
points on the cui ve 

Ex 3 Given a focus, a tangent, and a point on an ellipse, prove 
that the locus of the otliei focus is a hy perbola [The foci will be 
the given point and the image of the focus in the tangent Chap 
II, Prop XXIII] 

Ex 4 Given a focus, a tangent, and two points on an ellipse to 
constiuct the curve (Newton, Book I , Piop XXI ) 

Ex 5 Given a focus, two tangents, and a point on an ellipse to 
constiuct the cuive (Nev ton, Book I , Prop XXI ) 

E\ 6 Given a focus, the eccentucity, a tangent, and a point on 
an ellipse to constiuct the cui ve (Apply Chap II , Prop XXIII , 
Ex 5 Newton, Book I , Prop XX ) 

Ex 7 The diffeience of the focal distances of any point is greatei 
than, equal to, oi less than the transverse axis, according as the 
point is within, upon, oi without the hyperbola, and conversely 

Ex 8 The locus of the centi e of a cncle winch touches two fixed 
circles is an ellipse or a hyperbola (Cf Chap II, Pi op IV, Ex 4) 

Ex 9 Given one focus of an ellipse and two points on the curve, 
the locus of the otliei focus is a hy pel bola 

Ex 10 A parabola passes tlnough two fixed points, and has its 
axis parallel to a given hue , piove that the locus of its focus is a 
liy pei bola 

Ex 11 Given the base of a triangle and its point of contact with 
the inscribed circle, show that the locus of its vertex is a hyperbola. 

Ex 12 Find the locus of the lntei section of the tangents from 
two given points A and B to all circles touching AB at a given 
point C 

[An ellipse when C is outside A and B , a hyperbola when C is 
between A and B, except when GA — CB, in w Inch case the locus is 
a right hue ] 

Ex 13 An ellipse and a hyperbola having the same foci intei - 
sect in P If GA, Ga be then semi-axes mayor respectively and PN 
the ordinate of P, show that 

GA CS= CN Ga 

Ex 14 P is any point on an ellipse, of which GA, CB are the 
semi-axes , CD is tne senn-diameter conjugate to CP , Cb is the 
Benu-conyugate axis of the confocal hyperbola through P Piove 
that CB 2 +Cb 2 =CD i 

Let Ca = semi- transi ei se axis 

Then Cb 2 = CS 2 - Ca = CS 2 -MSP- S'P) 2 

=CS*-k{(SP+S‘Py-4SP ST} 

= CD 2 - CB - [Chap II , Prop XXXV , Ex 5 
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E\ 15 ' SY, S'Y' ai c the foc.il pci pcndiculnrs on the tangent at 
any point P of an ellipse Pune that PY PY' is upul to the 
square on the senn-couiug ite ixis of the confocal lijperbola 

through P j~SP _S’P CD 

L PY PY SPY~PY' 

Sr = .SF = _ CD 

py py sfFi^pi' 

Apply E\ 14 Cf Prop XXI , 1 'a 8] 

E\* 16 Two adjacent sicks of a mtadi ilatcral arc given m 
magnitude and position , if a citclc c ui be insuibed on the quadu- 
lateml, the locus of the intersection of the othei two sides is a 
hj jicrbola. 

Ex 17 Pioie* th it the enele in Proji I , Ex 12, aluais touches 
a hxed circle [Centre is second focus of the hi pci bola, radius = trails* 
1 1 rae axis ] 


* Proposition V 


The lutus ) eclum of a hypabula is a thud piopoi- 

( (J]f£ \ 

SL- (j Y) 



- - 


Lefc LSI/ be the latus lcctum Diaw LM perpen- 
dicular to the directi ix 
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Then 

Theietoie 


GEOMETHY OF CONICS 

CS=e,GA 
SL=e LM 
= e SX 

SL ,GA = CS SX 

= CS(CS-CX) 
= CS 2 —GS GX 
= GS i —GA 2 
= GB 2 


[Prop, III 
[Def 


[Prop III 
[Def, 

Ex Piove this pioposition b} means of Flop III, Ex 4 

* Proposition YI 


Any focal chord of a hyperbola is divided harmoni- 
cally by the focus and cliiectiix, and focal choids aic 
to one another as the lectanqles contained by their 
segments 



Pioduce the focal chord PSp to meet the directrix in 
J), and draw PM and pm perpendicular to the directrix 
Then PD pD = PM , pm , 

hut PS=e PM, 

and _ pS=e pm, [Def 
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therefore PD pD = PS pS 

Hence Pp is divided harmonically in S and D 

Again, PD, 8D, and pD being in harmonic progiession, 
PM, SX, and pm are also in haimonic piogiession But 
SP PM=SL BX=Bp 'pm—e, 
therefore BP, BL, and Bp aie also m haimonic progres- 
sion, Therefore 

vt^SP Bp _ IBP Bp 
hL SP+Sp Pp ’ 
theiefore tlio focal clioid Pp vanes as BP Bp 

A PROPOSITION YII 

t/ 

If any chat d QQ' of a hype) Lola intersects the dn ectnx 
xn D, BD biseds the angle between SQ and BQ' 



Fust, let Q and Q he on the same bianoli of the 
hyperbola 

Draw QM, Q'M' peipendicular to the directnx 
Then, by similar tuangles, 

QD QfD=QM Q'M' 

=BQ BQ\ 
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Theiefoie SD bisects the extei ior angle Q'Sq [e uc vl A 
Secondly, let Q, Q' be on opposite blanches of the 
hypeibola, then it may be similarly shown that SD 
bisects the interior angle QSQ' [Euc VI 3 



E\ 1 Prove that a stiaight line can cut a hyperbola m two 
points only (Cf Chap I, Pi op X, E\ 8, Chap II, Pi op 
YIII, E\ 9) 

Ex 2 If two points Q, Q’ on a hyperbola be joined with a 
tluid vauablo point 0 on the cuive, the segment qf mteicepted 
on eitliei directux bj the chords QO and Q’O pi od need, subtends 
a constant angle at the coucspoiidmg focus 

Ex 3 Given the focus and thiee points on a hypeibola, find 
the dnectux and the axis 


Proposition VIII 

The squa? c of the oi dmate of any point on a hypei bola 
varies as the 9 eetangle undei the segments of the axis 
produced, made by the 01 dmate 

(PN 2 AN A'N = GB 2 a A 2 ) t 

Let PN be the ordinate of any point P on the hyper- 
bola Let PA, PA', pioduced if necessary, meet the 
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directrix mB and D' Join SP, SB, SB', and pioduce 
PS to meet the curve in p 



Then, fiom the similar triangles PAP and BAX, 

PP AP—BX AX 

Also from the similai triangles PA'P and U A'X, 

PP A’P = B'X A'X, 

therefoie PP 1 AP A'P=BX B'X AX A'X 
Again, SB aud SB' bisect the angles jpSX and PSX 
respectively, [Prop YIL 

therefore the angle BSD' is a light angle, aud 

BX B'X = SX 3 [Euc VI 8 

Therefore PP i AN A'P=SX- AX A'X 

But the ratio SX 2 AX A'X is constant , therefoie the 
ratio PP 2 AP A'P has the same value for all positions 
ofP 

To determine’ this constant value we have 

' ! SA AX=CS GA, [Prop III 

therefore < SX AX=CS+CA GA 

Similarly . SX A'X—GS—GA GA, 
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therefore SX 2 AX A'X—G8*—CA 2 CA a 

-CB 2 GA t , [Def 

therefore PX\AX A'JX = OB 2 GA 2 

Ex. 1 Prove that 

iW* OJBP-CAt-CB* CA-. 

Ex 2 Having allow n that 

PJP AA r .A‘A r =SX- AX A'-V, 

apply Piop V to complete the pi oof [Make P coincide with the 
extienuty L of the latua lectum j 

. /Ex 3 Pro\ e that 

V CN> py* , 

CA 1 CJP~ 

E\ 1 A r Q lwrillel to Ali meutb the conjugate a\n» m Q Show 
that QJJ Q1T=PX\ 

Ex 5 Q is a point on the cane, AQ, A’Q meet PA” in I) and 
E , proie tint DX EX=PA - 

Ex 6 If a point P ino\ ea bucli that PA 71 AX A'A T m a con- 
stant ratio, PX being the distance of P from the line joining two 
fixed points A, A', and X falling outside A l' , the locus of P is a 
hj perbola of which -1-1' is an axis 

Ex 7 PA P' is a double oiduiate of an ellipse , show that the 
locus of intersection of AP' and A'P is a hj peibola 

Ex 8 A cncle is desuibcd tluough A, 1' aud P If AP 
meets the cncle agun m Q, the locus of Q is a li> peibola 

Ex 9 XQ is a tangent to the cncle on A A' as dianietei , PM 
is drawn parallel to tQ, meeting -1 I' m M , show that MA T —CJi 
[The U tangles PMX , QCX aie smnlai ] 

Ex 10 A clioid A Pis divided m Q, bo that AQ QP—U \ l CD 1 
Pio\c that the hue through Q at light angles to QA T is parallel 
to A'P 


Proposition IX 

The louts o/ the middle points of any system of 
parallel Jio) ds of a hypeihola is a stuuyht line passing 
tin ough the cent) e 

Let Qff bo one of a, system of parallel ehoids, and V its 
middle point. 
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Draw Q3T, QM' perpendicular to the directrix, draw 
SY perpendicular to QQ' and produce YS to meet the 
directrix in K Produce QQ' to meet the directrix m R, 
and join SQ, Sq 



HQ QM=i,q QM‘ 

HQ H</=QM Q'W c 

= QH Qf It, ' ' - 

HQi-SCp QR--Q'R 2 -SQ- QR 2 ~ ~ ' 

But SQ'~HQ"=QY 2 -QY- ' "“[rue I 47 " 

=(Qy+Q'Y){qy~q'Y) s - : 

=2 Qq yv 

Similarly QR 2 ~qRr=l Qq RV , 
therefore YV RV-SQ 1 QRr 

Now, the ratio SQ QM is constant, also, the ratio 
QM QR is constant, since Qq is diawn m a fixed 
direction Therefore SQ QR is a constant ratio ; there- 
fore also YV RV is a constant ratio for nil choids of the 


Then 

therefore 

therefore 
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system But ns Jt always lies on a fixed stiaight line 
(the dn ec tux'), and 7 on anothei fixed stiaight line (the 
focal pci pendiculai on the paiallel choids), intersecting 
the foimei m K, V must also lie on a thud fixed stiaight 
line, passing tluough the same point K 

Again, conesponding to a system of paiallel chords m 
one bianch of the hypeibola, tlieie is in the otliei biancli 
anothei system exactly similai theieto, and the middle 
points of the choids of both the systems must he on YK, 
which theiefoie divides tho two blanches symmetrically, 
Hence, fiom the symmetiy of the cuive about tho majoi 
and minoi axes, and therefoio about the centre, YK must 
pass thi ough G 

Hence the diameter bisecting any system of paiallel 
choids of a hypeibola is a stiaight lmo passing tin ough 
the centie 

E\ The diametei bisecting an> system of pu. illd choids meets 
the duecti i\ on the foc.il perpendtculu to the choids 

M * Proposition X 
• 

If any two parallel choids of a hyperbola be diaion 
th ough two fixed points, the i aiio of the i ectangles itnda 
their segments will be constant, whatever be the directions 
of the chords 

Let OPQ be a cboid diawn through one of tho fixed 
points 0, outside tho cuive 

Pioduce QPO to meet tho diicctrix in R, and join SR, 
SP, SQ Di aw OU,OV paiallel to SP, SQ lespectively , 
and diaw OB, PM pei pendiculai to tho dneetnx 
Then RO RP=OU PS 

rOD PM } 
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but PS=*e.PM , 

theieforo QU—e OD 

Similarly OV=c OD 
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Describe a circle with centie 0 and radius equal to 
c OD, passing thiough U and V, and draw IlT, St 
tangents to this circle 
Now, by sinulai triangles, 

UP OR=SU RU, {' 1 ) 
and OQ OR=SV RV , 

theieforo OP . OQ OR 1 = S U 8 V RV RY 

— St 1 RT 1 . [Cue III 3G 

Theiefore OP,.OQ,Sr-=OR 2 RT - 

Now foi a given dnection of the clioid OPQ the latio 
OR OD is constant, and, tlieiefoie, also the ratio OR OT, 
since OT—e OD Theieforo, also, the ratio OR RT is 
constant 

If, now, through another fixed point O' a paiallel clioid 
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O'P'Q' be diawn, and srnnlai constiucfcions be made, we 
shall have OP OQ W=0'F O'Q' Si?-, 

theiefoie OP OQ O'F 0’Q’=St 2 St f 2 . 

But since the points 0 and O’ are fixed, the two circles 
are fixed in magnitude and position, and, therefore, St and 
St? aie constants 

Theiefoie the latio OP. OQ O'P' . O'Q’ is constant 

Ex 1 If a system of choidsof a liypei bola be diawn through 
a fixed point, the lectangles contained by then segments me as 
the pnallel focal choids, and also as the squaies of the parallel 
senn-dnuneteis wlieie tlie\ exist (Applj Pi op YI) 

E\ 2 The oidinates to any dianietei at equal distances fiom 
the centic aie equal 

_ '-n * PROPOSITION XI 

If a chile intersect a hypeobolct in four points, their 
common choi ch will be equally inclined , two and two, to 
the axis 



Let Q, Q' q, q' be the four points of mteisection 
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Then QO OQ;=qO Oq' [Euc. Iir 35 

Therefore the rectangles under the segments of the focal 
‘.chords parallel to QQ' and qq' respectively are equal, 
t [Prop X 

and therefore the focal chords themselves are equal 

[Prop VI 

They are, therefore, equally inclined to the axis, from 
the symmetry of the figuie (See also Prop I, Ex 2) 
Therefore, the chords QQ', qq' are equally inclined to 
the axis 

In like mannei it may be shown that the clioids Qq 
and Q'q', as well as the chords Qq' and qty, are equally 
inclined to the axis 


PROPERTIES OF TANGENTS 

The student should woik out the following exercises as 
illustrating the method of deducing tangent properties 
from the coiresponding chord-piopeities 

I Deduce from Prop X, Ex 1 — 

1 The tangents to a hyperbola from in external point arc pto- 
portional to the parallel semi-diameters wheiethcy exist, and are m 
the subdupheate ratio of the parallel focal clioids 

2 If two parallel tangents 0L\ UP' be met b\ a third tangent 
at Q, in 0 and O', prove tliat 

OP UP'— OQ O’Q 

II Deduce from Prop XI — 

1 PQ and PQf aie chords of a hyperbola equally inclined to the 
axis , prove that the circle PQf/ touches the hy perboLi at P 

2 If a circle touch a hyperbola at the points P and Q, show that 
PQ is parallel to one of the axes. 

III Deduce from Prop VII , Ex. 1 — 

1 A tangent to one branch of a hyperbola cannot meet the other 
branch. 

See also Prop XII and XIII 


1 
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Proposition XII 

The tangent to a hypej bola at either end of a diameter 
is 'parallel to the system, ofchoi ds bisected by the diameter 



Let P'CPV be the diameter bisecting a system of 
clioids parallel to QQ' Let QQ' be made to move 
parallel to itself, so that Q may coincide with V Since 
QV is always equal to QfV, [Prop jX. 

it is clear that (f will also coincide with V, and the 
chord m this its limiting position will be the tangent to 
the hypeibola at P 

Ex. 1 The tangent it the \ ertex is at right angles to the trans- 
i erse axis 

Ex 2 The line joining the points of contact of two parallel 
tangents is a diametei 


Proposition XIII 

The pm tion of the tangent to a hypes bola at any point, 
mtei cepted betueen that point and the dn ectrix, subtends 
a right angle at the focus, and conies sely 
Also, tangents at the ends of a focal chotd intei sect on 
the dn ecti ix 
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Fuat, let any choid QQ' of the liypcibola inteisect the 
dtrectux in Z, then SZ bisects the extend angle Q’Sq. 

[Pi op YII 

Now, lea the choid QQ' be made to turn about Q until the 
point Q f moves up to and coincides with Q, so that the 



choid becomes the tangent to the hypeibola at Q In 
this limiting position of the choid QQ', since Q and Q' 
coincide, the angle QSQ' vanishes; theiefoio the angle 



QfSq becomes equal to two light angles But since SZ 
always bisects the angle QfSq, in this case the angle QSZ 
is a right angle 
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Conversely, let QZ subtend a light angle at S, then it 
shall be the tangent to the hypeibola at Q Foi if not 
and if possible let QZ' be the tangent at Q Then the 
angle QSZ' is a right angle, which is impossible , theiefore 
QZ is the tangent at Q 

Secondly, let QSq be a focal choid and QZ the tangent 
at Q 

Join ZS, Zq 

Then the angle QSZ being a light angle, the angle ZSq 
is also a light angle Therefoie qZ is the tangent to the 
hypeibola at q Therefore the tangents at Q, q mteisect 
on the dnectux 

Ex 1 Tangents at the extremities of the Ixtus lectum intersect 
in X 

Ex 2 To draw the tangent at a given, point of a hyperbola 

Ex 3 If QZ, qZ meet the latns lectum pioduced in D and d, 
then SD=Sd (Cf Chap II, Piop NY , Ex 6 ) 

Proposition XIY 

If from a point 0 on the tangent at any povnt P of a 
hyperbola perpendiculars OU, 01 be drawn to SP and , 
the dir ectmx r espectively, then 

SZT=e 01, 

and conversely 

Join SZ and diaw PM perpendiculai to the dnectrix 

Because ZSP is a light angle, [Prop ytti. 

ZS is parallel to Oil 

Therefoie, by similai tuangles, 

SU SP=ZO.ZP 
= 01 PM, 

SP—e PM 
SU=e 01 


but 

Theiefoie 
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Again, foi the converse proposition, we have 

SU=e 01, 

ami SP=e PM 



Therefore SU SP^Ol PM 

=Z0 ZP. 

Therefore OU is pamllul to Zi$ t [Euc. YI 2 

and the angle PtiZ is a right angle 

Therefore PZ is a tangent at P [Prop XIII 


L\ If a pel puidu ular tluough 0 on the trins\ trv. axis meet 
the curie in Q and Cjf, then &U=SQ, and OlT l =Oq OQ' 


PROPOSITION XV 

2'he tangent at any point of a hypo hula males equal 
angles with the focal distances of the point 

Let the tangent at P meet the directrices m Z 
and Z 

Draw PMM peipendiculai to the duectuces, meeting 
them m M and M respectively Jom SP, SZ, S'P, &Z\ 
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Then, in the two triangles PBZ and PS'Z', the angles 
PSZ and PS'Z' aie equal, being light angles, [Pi op nn 
and BP S'P=PM PM' 

= PZ PZ\ 

and the angles PZS and PZ’B' are both acute angles. 



Theiefoie the tuangles aie similai [Euc YI 7 

Theicfoie the angle SPZ= the angle S'PZ' 

Ex 1 Tlio tangent at the vei tex is perpcndiculai to the axis 

Ex 2 Gwen a focub, a tangent and its point of contact, find the 
locus of the otliei focus 

Ex 3 If PCp be a diametei, and if Sp meet the taugent at I’m 
T, SP=ST 

Ex 4 If an elhpse and a li\ perbola have the same foci, they 
intersect at right angles (See Chap I , Flop XIV , Ex 4 ) 

Such Comes are called Confocal Conics , 

Ex 5 If the tangent at P meet the axes in T, t, the angles PSt, 
STP aie supplemental y [The tucle lound SPS' obviously passeb 
thiough t ] 

Ex G If the diametei paiallel to the tangent at P meet SP and 
S'P m E and E\ the cucles about the tuangles SCE, S'CE' are 
equal 
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E\ 7. Tangents at the extremities of a focal clioid PSQ meet in 
T Prove that 

2lPTQ~lPS'Q=2 right angles 

Ex. 8 ¥, 1" aie the feet of the focal perpendiculars on the 

tangent at P , if JPuYbe the oidmate, the angles PNY, P.V1" .ire 
supplementary [lPNY^lPSY^lPS'F^tt- lPJSY' ) 

E\ 9 A parabola and a by peibola have a common focus S, and 
then axes m the same dn action A lino i>PQ cuts the ciu \ cs in P 
aad Q If the tangents at P, Q meet m P.piove that lP TO — \iJiyQ 
(See Prop I , Ex 7 ) 

E\ 10 -Pis a pomt on a hyperbola whose foci aie S, .S' , anothci 
hyperbola is desenbed whose foci are S, P, and whose tmmrversc 
avis =&P—2PS’ Piove tliat the hyperbolas will meet at only' one 
point, and that they will have the same tangent .it tliat point 
[Apply Prop IV If Q be a pomt of intersection, QP^QS'+PV , 
Q, therefoie, is the othei extremity* of the focal clioid P. S' ] 

E\ 11 A chord PRVQ meets the dnectnces m R and l r , P Q 
being on difleient branches Prove that PR and YQ subtend, each 
at the focus nearer to it, aiigles of whicli the difterence is canal to 
the angle between the tangents at P and Q (Apply Prop VII ) 


Proposition XVI 

* 

To diaw two tangents to a hyperbola from an external 
•point 



01 Pe,peDdlCuhr ‘he duectiix. and w.tl, 
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centre S and radius equal to e 01 describe a circle. 
Draw OU, OU' tangents to this cucle and let US and 
SU' produced meet the hypeibola m Q, Q' Then OQ, 
OQ' shall be the tangents required 

For OU is at right angles to SU, [Euc. Ill 18 

and SU—e 01 

Theiefoie OQ is the tangent to the hypeibola at Q 

[Prop XIY 

Similarly OQ' is the tangent at Q' 

Note — If it had been necessary to produce loth SU and SU' jn 
the same direction, to meet the cuiae, the points of contact ivonl d 
lia\e been on the same branch, instead of bung on opposite 
branches, as m the figure. 

E\ 1 Alhrnatne Constitution — With centio 0 and radius OS, 
descnbe a circle With centre &' and radius equal to the trans- 
\eisc axis, descnbe another circle intersecting the former m Jf 
and J/' Join S'Jf and S’Jf, and produce them to meet the cun e 
m Q and O' OQ, OQ' are the tangents required (Cf Ch ip II , 
Piop XVIII , E\ 1 ) 

E\ 2 Pio\e that onl) two tangents can be drawn to a In pel - 
bola from an external point 


Proposition XY1I 

The two tangents that can he cliawn to a- hypeibola 
pom an external point subtend equal or supplementary 
angles at the focus accoi ding as the points of contact are 
on the same oi opposite handies of the caive 

Fu st, let OQ, OQ' be the two tangents from 0 , Q and 
Q' being on the same blanch of the curve 
Join SO, SQ, SQ', and draw 01, OU,OU' perpendiculars 
upon the directux, SQ, SQ' respectively 
Then SU=e 01=SU’ [Prop XIV 

Therefoie OU—OU ' [Euc. I 47 

Therefoie the angles OSU and OS O' are equal, [Euc. L 8. 
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and ^ a* to angle, ** to taff* -bland at 
the focus 



> . 

I 


v s 


Secondly, let Q and (/ Ic ou opposite brancUs t,f ;h>* 
curve Then, at may bo similarly prm ul tl at the nngkd 



0SU mi 0,W mei Mi. therefore the angle, ijM and 
uSQf are supplementary * 

lx l T h f! * P w « OQ, h ^ , 

ax - The portion of ani* 

Uly^n ifo. 

Ex. 3 Fmd tin. lne.,« n f #> 

toash m pta ba^'itke f ”*** -l tk» 

r 
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Ex 4 Show th.it tlic dioid of contact QQ' is divided liarmom 
cdly by SO and the dnectnx 

E\ 5 If PN be the ordinate of P, and PT the tangent, prove 
that SP ST=AN AT 

E\ 6 Two points P and Q- aic taken on the same branch of the 
curve and on the same side of the axis , piove that a circle can be 
drawn touching the font focal distances [The centie is the point 
of intersection of the t uigents at P and Q Applj Pi op XV J 

t 

* PnoroibiriON XVIII 

The two tangents that can be diawn to a hyperbola 
/tom an external point make equal or ^upylementai'y 
angles with the focal distances of the point according as 
the points of contact ai e on the opposite or same branches 
of the cui've 



First , let OQ, OQ be the two tangents fiom 0, Q ana Q' 
bejng on opposite blanches of the curve. 

Join SQ, SQ', SO, S'Q', S'Q, S'O, and produce QS to R 
Let H be the point of intersection of SQ' and S'Q 
Then the angle SOQ 

= the angle OSR — the angle OQS [Euc I 32 
=half tho angle Q'SR — half the angle SQS' 

[Props XVII and XV 


=half the angle SB.Q 
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Similaily tho angle S'OQ' 

=half the angle S' HQ' 

Thexefore the angle £0Q=the angle S'OQ' [Euc I 15 



Secondly, let Q, Q' be on the same bianch 
Then the angle SOQ 

~ two ught angles — the angle OSQ — tho angle OQS 

f [Euc I 32 

= two light angles —(half tho angle QSQ' -f* half the 
angle SQS'J [Pi op XVII ami XV 

= two light angles— half the angle SIIS' [Euc I 32 
Again, the angle S'OQ' 

— two ugh t angles —the angle OQ'S' ~ the angle OS'Q' ) 
^ ' -X *. 1 , - - ’ _ [Euc I 3/ 

= half tho anglo SQ'S '— half the anglo QS'Q' 

[Pi ops XY ami XVII 

=half tho angle SHS' 

Theiefoie, the angles SOQ and S'OQ' aio togethei equal 
to two right angles 

E\ 1 Tangents aio diawn fiom any point on a cnole thiougli 
the foci Piove that the lines bisecting the angle between the? 
tangents, oi between one tangent and the othci pioduced, all 
pass thiougli a fixed point [A point of intersection of the cucle 
AVith the conjugate axis ] 
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Ex 2 A hypeibola is described, touching the foiu sides (pro- 
duced, if necessary) of a quadrilateral ABCD 'which is inscribed in 
a circle. If one focus lies ou the circle, the othei also lies on it 
[l.S’CD=lSCB=lSAB=lSAD ] 


Proposition XIX 

The tangents at the extremities of any chotd of a hyper- 
bola intei sect on the diameter uhich bisects the choid 



Let QQ' be the choid and qq' any other chord parallel 
to it 

Let Qq, Q'q' pioduced meet m 0 Bisect QQf m V and 
let OV meet qq' m v 
Then QV qv=OV Ov 

= Q'V q'v , 

but QV=Q'V, 

therefoie qv=q'v 

Thus OvV is the diametei bisecting the system of chords 
parallel to QQ' [Pi op IX 

If now the chord qq' bo made to move parallel to itself 
till it coincide with QQf, QqO and Q'q’O will become the 
tangents to the cuive at Q and Q' respectively They 
thus meet on the diametei bisecting QQ' 
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Ex 1 Given a diametei of a hyperbola, to draw the system of 
chords bisected by it 

Ex 2 If a circle passing through any point P on the curve, 
and having its centre on the normal at P, meets the curve again 
in Q and R, the tangents at Q and R intersect on a fixed straight 
line 

[The tangent at P and QR are equally inclined to the axis (see 
Piop XI ) , QR is, tlieiefore, fixed m direction ] 


Proposition XX 

If the tangent at any point Q of a hyperbola, meet any 
diameter CP in T and if QV be the oi dmate to that 
diameter , CV CT= CP Z 



Draw the tangent PR at P, meeting QT m R, and 
diaw PO paiallel to QT, meeting QVmO. 

Then since POQR is a paiallelogram, [Pi op XII 

RO bisfects PQ, and therefore passes through the centre C 


By similar triangles 


[Prop XIX 


cr gp=co CR—Cp ci ; 
therefoie CV CT=s CP 2 

Note When the diametei coincides with the trans- 
verse axis the result is stated thus 
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If the tangent at Q meets the ti ansveise axis %n T cuad 
QN be the ‘perpendicular on the ti ansverse axis 
GN GT— GA 2 


Fiom this it may be shown that 

If the tangent at Q meets the conjugate axis, produced 


if necessary m t, wad Qn be the pe » pendicular on the 
conjugate axis . , Gn Gt—GB i C t 6LU 

r-Aa t h! QN Ct 1 ‘ QN- 'QN> C J & „ :jt l 

~ ' ' I GN CT CN NT ON- -ON CT CA^-CA- ‘ * ,v 
1 V Cn Cl = OB'- [Flop VIII 

These two i esults are mipoitant, and should be carafully noted 
by the student 

E\ 1 If the tangent at Q mi/et the transverse axis m T ind 
QN be the peipcndiculai on the transvei&e a-xis, show tliat 
CN NT=AN NA ’ 


Ex 2 In Ex 1, if TD be drawn peipeudiculai to the axis to 
meet the cucle descnbcd on AA‘ as diametei, then BN touches 
the cncle 


Ex 1 In Ex 2, prove that 

BN QN= GA OB 
Also if BA be pi educed to meet IN m K, 

QN NK=OB OA 
(Apply Pi op VIII , and see Ex. I ) 

Ex 4 Any diametei is cut liaimomcally by a tangent and the 
oi dilute of the point of contact of the tangent with lespect to the 
diametei 

Ex 5 Any tangent is cut harmonically by any two parallel 
tangents and the diametei through then points of contact (Ex 4 ) 

Ex 6 If IN be the oidmate of a point P, and NQ be drawn 
parallel to AP to meet CP m Q, AQ shall be parallel to the 
tuigcut at P 

Ex 7 If the tangent at P intersect the tangents at the vei- 
tices and the trausveise axis m 11, ? and T, show that 
(i) AT A'T—OT TN 
in) Alt A'i=CB* 

Ex 8 P is any point on a hypeibola Piove that the locus 
of the centra (Q) of the cncle touching &P, &'P produced, and the 
tiansveise axis, is a hy r peibola 
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[Let Q2[ be the ordinate of Q , then, if the tangents at A and P 
meet m P, QSF is a light tingle, and 

QM_SA QM_S'A‘ 

M& ~AF’ M&'~ A' F‘ 

Q1T- MS MS'=SA 2 CUP Ex. 7 

Tlien apply Prop VIII , Ex 6 J 

Ex 9 The tangent at P bisects an} straight line perpendicnl u 
to AA\ and terminated bj AP and A'P 
[Let the tangent at P, AP, A'P meet the conjugate axis in t, 
E, E respectn ely Then 

GE-CE CA A'E-CA' AA T 2CA* 2 Ct 

PxV ~ AM AAV ~ZhV AAV PN 

[Prop VIII 

CE— CE=2Ct, or t bisects EE ] 


Ex 10 An ellipse and a hyperbola are described, so that the 
foci of each are at the extremities of the transveise axis of the 
other, prove that the tangents at then points of intersection 
meet the conjugate axis in points equidistant from the centie 
[The conjugate axes of the two cuives aie equal in length ] 


Pboposition XXI 

The locus of the foot of the pei pendtcular drawn f) om 
eithei focus upon any tangent to a hypei hola is the 
cvicle described on the ti ansverse axis as diametet , and 
the rectangle unde i the focal perpendiculars on the 
tangent is equal to the squai e of the semi-conjugate axis 
(SY S'Y' = CB l ) 

Let SY, S'Y' be the focal perpendiculars upon the 
tangent at any point P 

Join SP, S'P, and produce SY to meet S'P m R 
Join GY 

Then in the triangles SPY, RPY, the angle &Pr=the 
angle RPY, [Prop XV 

the angles SYP, RYP are equal, being right angles, and 
YP is common 
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Theiefore 

SP—PR, SY— YE 

[Euc I 26 

Also 

SG—CS'; 


therefoie GY is paiallel to S'P 

[Euc VI 2 

Therefore 

GY= \S'R 

[Euc VI 4 


= S'P-PR ) 

= \(S'P~SP) 



= \AA' 

[Prop IV 


= 04 , 

theiefore the locus of 7 is the circle descubed on the 
transverse axis as diametei. 



Sirailiuly it may be shown that the locus of Y' is the 
same cucle 

Again, produce YG to meet S'Y' m y Then y will be 
on the circle 

For, since Q8= GS', aud SY is paiallel to S'Y' , the 
triangles SGY, S' Gy aie equal [Euc I 26 

Therefoie Gy = GY—GA, showing that y is on the cucle 
Also SY=S'y , 

therefoie SY S'Y'=S'y S'Y'— S' A' S' A [Euc. Ill 3 5 

=SA.SA'=GB 2 . [Def 
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Ex. 1 If CE draw n parallel to the t uigent at P meet S'P ui E, 
then PE—CA 

Ex 2 Fiom a point on the circle on AA' as diameter lines aie 
draw u touching the curve m P , P' Piove that &P' , S'P aie 
panlleL [Each is parallel to C'J'] 

E\ 3 If through am point I' on the circle on .1 1' isdnmeter 
TP he drawn at right angles to SY, VP will he a 1 uigent to the 
hi perhola. 

Ex -1 If the -vertex of a light angle moves on a fixed circle, and 
one leg passes through a fixed point out ml o the cncle, tlic otliei 
leg wm always touch v hypeibola. 

Ex r > Given a focus, a tangent, and a point on a hi perhola, find 
the locus of the other focus. [An ate ot a fixed liy perhola of which 
the foci are the given point and the image of the focus m the 
tangent.] 

Ex. fi Giv eu a focus, a tangent, and the trausv erse axis, find the 
locus of the other focus. [A cncle , centre It, radius— -LI' ] 

Ex. 7 If PS he the ordinate of P, the points Y t 1", A r , C he on 
a circle. 

Ex 8 The right lines joining each focus to the foot of the pei 
peudicular from the otliei focus oil the tangent meet on the nouuxl 
and bisect it 

Ex. 9 Alternative Construction foi Prop XYI 

Let 0 ho the external point On OS u diametei describe a circle, 
cutting the circle on AM as diameter in l'and I ' Then OF and 
01 'produced will he the tangents required 

Ex 10 If tangents he drawn from P to a cncle described with 
S' as centre and radius equal to Cl!, the choul of coutact will touch 
the circle described on .1.1' as diameter [The hue tluougli y per- 
pendicular to S'P will be the chord of contact ] 

Ex. 11 If the tangent at P cuts the tmusvuse axis m nrov e 
that .IT j’T^rr.rT. 

Ex. 12. Eiud the position of P when the area of the tnaugle 
YCY' is the gicatest possible 

\GY~CY' =GA , therefore YCY' must he a right augle If the 
tangent at P meets CIS in l, PA T Ct—t’IS 1 (Prop XX) Also the 
triangles CVS, CY't arc equal , therefore PA CS = CP- ] 

Ex. 13 If SY, SZ he perpendiculara on two tangents which 
meet m 0, OZ is periieudicul ir to S’O \S’0 is parallel to the 
bisector of YCZ Apply Prop XVH] 

h 
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Ex 11 An ellipse and a liypeibolaare confocal , if a tangent to 
tlio one intei sects at light angles a tangent to the other, the locus 
of the point of mtci section is a circle 
Let SY, S'Y be the focal peipendieulais upon the tangent to the 
ellipse, and SZ, S'Z' those upon the tangent to the lij peibola , let 
the tangents meet at 0 , let a , b be the senn axes of the ellipse, and 
a, ft those of the liy peibola Then if OVh& pel pendiculai to YOY', 

oy or=rr 2 -or 2 

and Cffl+or Or~CY*=OA*, 

CO°-+SZ H’Z' = a 2 

oi co^at-fr- 

See also Pi op IV , E\ 11, 15 

Ex 15 If an ellipse and a lij peiboh aio confocal, the difference 
of the equates of the central distances of parallel tangents is con- 
stant (=b 2 +ft 1 Ex 14) 

* Proposition XXII J 

The locus of the intersection of tangents to a hy peibola 
which out at right angles is a cm cle 



Let the tangents OT, OT' cut at light angles at 0 
DiawiS'F, GK peipendiculai to OT, and SU, GK' pei- 
pendiculai to OT' Join GY, GXI, GO, and pioduce GK 
to meet BU m IT, 
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Now Y and IT are on the cucie on AA' as diameter , 

[piop XXI 

therefore C'F= GU = CA ^ 

(goj) CO 2 = CK l J + [Euc. I 17 

aMV OT 2 =GK 2 + YIC-, 

theiefore ‘ CQ 2 = CK 2 +SH 3 

Also GU 2 = 67T 2 + ?7iT 2 , 

theiefore CH 2 =67f'-+//C 2 , 

therefore 2C71 2 =C7f-+ CK‘ 2 +STI 2 +IIC- 


-CO'+CS- [Euc I 47 

But CS 2 =GA-+GB\ [Def 

theiefoio C0-=CA 2 -CB°- 

Hence the locus of 0 is a circle described with centie G 


A ole — Tina circle is called the dtreUoi cirdo of the Inpeibola. 
In the ca»c ulien CB is gieutei than ('.I, C’A- ~ CIS 1 is negatne, and, 
tliercforc, the locus dots not exist, that is, when CB is gieatei than 
CA the h\ perbola has no tangents cutting at right angles 


Ex Pour tangent*, to a In peihola form a lectangle , if one suit 
UV of the ru-tangle intersect a dnectm in F, ami 6 be the corre- 
sponding focus, the triangles FSt r , FVS are mimhi 

[SF i ^CF 2 -C\ i A -&. \ 2 

= CF-+ CV>-- 2CS C r« CF- -CA-+ CJF 
= square of tangent from F to the dnector urcio 
=/£ r FV ] 


PROPERTIES OF NORMALS 
Proposition- XXIII 

The not mol at any point of a hy peihola males equal 
angles with the focal distances of the point 

Let the normal HPG at the point P meet the nvm 
in & 
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Let PT be the tangent at P Then 

the angle SPT= the angle S'PT [Prop XY 



But the angles TPG and TPH are equal, being right 
angles, [Def 

therefoie the angle SPG —the angle S'PJT 

Ex 1 If the tangent and norn>aI at P meet the conjugate axis 
in t and g, P, t, q, S, S’ he on the same uicle 
Ex 2 If a circle through the foci meet t\\ o confocal hj perbolas 
in P and Q. the angle between the tangents at P and Q is equal to 

Pi SQ 

E\ 3 The tangent at P meets the conjugate axis 111 1, and tQ is 
perpendicular to SP Piove that & Q is of constant length 
[If 5I r is peipendiculai to C’t, CY—CA Pi op XXI Also Q, S, 
G, t lie on a uicle LtQC=LtSS'= UPS’ — LtPS CQ || SY, and 

SQ-OY-CA ] 

Ex 4 If fiom g a perpendicular qK be drawn on SP, show that 
PK—CA (Cf Chap. II, Prop XXVL, Ex 3) 

Ex 5 Piove tliat SP S'P=PG Pg (Cf Chap II, Prop 
XXVI , Ex 4) 


* Pkopositiox XXI Y 

If the normal at any point P of a hypei hola meet the 
transverse axis m G, 


SG—e SP 
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Join ST 

Then, since PG bisects the exterioi angle between SP 
and ST, 

S'G SG=ST SP, [Euc-YI A 



therefore SG-SG SG=S’P-SP SP, 
oi SG:SP=i?G-SG S'P-SP 

Hut SG—SG=SS'—e A A', [Prop. Ill 

and ST—SP-AA', [Piop IV 

therefoi e SG — e . SP 

E\ I Ihe projection of the normal upon the focal distance of 
auv point is equal to the aeim-latus rectum (Lf Chap II . Prop 
XXVIL, Ex. 4) 

Ex 2 A circle passing tin ougli a focus, aiul having ltscentie on 
the transverse axis, touches the curve , piovc that the focal distance 
of the jiomt of contact is equal to the latua rectum 

Ex 3 Draw the normal at anj point without drawing the 
tangent 

* Pjioi’osrrioN XXV 

The normal at any point of a hypeibola terminated 
by eithei axis vanes vnvcisely as the cential perpen- 
dicular upon the tangent 

(PG PF= CB- , Pg PF=CA 2 ) 
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Let the noiraal atP meet the tiansveise and conjugate 
axis m G and g lespectively, and let the tangent at P 
meet them in. T and t respectively 
Diaw PiV, Pn peipendicul.it to the tiansverse and 
conjugate axis, and let a stiaight line thiough the cenfcie, 
diawn patallel to the tangent at P, meet NP, GP pio- 
duced and Pn in R, F, and r lespectively 



Theu, since the angles at N and F aie light angles, 
G, N, F, R lie on a cucle 

Therefoie PG PF=PJST PR [Euc III 35 

= Cn Gt [Euc I 34 

-GR 2 [Pi op XX, Note 

Again, since the angles at n and F aie right angles, 
g, F,i, n lie on a cucle 

Therefoie Pg PF—Pn,Pi [Euc III 36 

= GN GT [Euc I 34 

= GA 2 [Piop XX, Note 

Therefore both PG and Pg vaiy mveisely as PF, which 
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is equal to the cential peipendiculai upon the tangent 
at P 

Ex Iu Prop XXIIL, Ex 1, prove that 

Og=e Sg 

Apply Prop IH , Ex 2 

* Proposition XXVI 

If the Tioi mal at any pomt'P of a hypei bola meet the 
tutnsveise axis vn G, and PN be the oi dinate to that 
axis 

(i) GN CN=CB 2 .CA 2 . 

(n) CG = e 1 GN 



Let the normal meet the conjugate axis m g Draw 
Pn perpendicular to the conjugate axis, and CF paiallel 
to the tangent at P 

Then, because the triangles PNG and Png are similai, 
GN GN=PG Pg [Euc VI 2 

=PG PF Pg PF 
= CB 2 GA 3 , [Prop XXV 

therefore GN+GN GN=GA 2 +GB 2 GA\ 

or CG GN=OS 2 OA 2 rDef 
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But GS=e) GA) [Prop TTT. 

tlieiefore CG—e 2 ON 

E\ 1 Prove that 

CG Cn Cg GN=C& CA a 

Ex 2 Show that 

Sn Cii—C'A- CB- 

E\ 3 If the tangent and normal at P meet the axis in T and (J, 
prove that 

(.) iVG CT-CB* (n) CG CT^CS* 

[Apply Pi op XX ] 

E\ 4 Find the locus of the points of contact of tangents to a 
senes of confotal hyperbolas fiom a fixed point on the axis 

[From Ex 3 (a), G the foot of the normal is fixed , hence P lies 
on the circle of which TG is diameter ] 

PROPERTIES OF ASYMPTOTES 

Def When a cuive continually approacnes to a fixed 
stiaight line without evei actually meeting it, but so that 
its distance from it, measuied along any straight line, 
becomes ultimately less than any finite length, the fixed 
stiaight line u> called an asymptote to the cuive 

Proposition XXYII 

The diagonals of the tectangle formed by perpen- 
diculars to the axes of a hyperbola, d)awn through 
then extremities, ate asymptotes to the curve 

Let GR, GR' be the diagonals of the lectangle formed 
by peipendiculaisthiough the extiemities A, A', B, B' of 
the axes of the hypeibola Through any point N on the 
tiansveise axis draw pPNP'p' perpendiculai to it, meet- 
ing the cuive m P and P', and GR, GR’ m p, p' 
lespectively 

Now PN 2 AN A'N=GB 2 CA 2 , [Prop Till 
PN 2 CN 2 -OA 2 ~CB 2 GA 2 [Euc II 6 


01 
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Again pF 2 GF 2 —AR 2 GA 1 

=:GB 2 GA 2 , 

theiefore pF n —PF 2 GA 2 =GB 2 GA 2 , 
01 pF 2 — PF 2 = GB~ 



But since pp' is bisected in if, 

2 >F z —PF z =pP p'P [Euc II 5 

Therefoie pP j£P=GB 2 

Now p'P = FP+Fp', 

and FP 2 vanes as AF A'F, [Prop VIII 

and Fp[ vanes as GF 

Hence, as F move's along A' A produced, both FP and 
Fp' and therefore also Pp', continually increase But 
the pioduct pP p'P, of which one factoi p'P continually 
increases, is constant, theiefoie pfP continually dimin- 
ishes, and becomes ultimately less than any finite length, 
however small GR, theiefoie, is an asymptote to the 
hyperbola Similarly, GR' is another asymptote 

Ex 1 The lines joining the extiennties of the axes are bisected 
by one asymptote and parallel to the other 

Ex 2 Any line parallel to an asymptote cannot meet the curve 
m more than one point 

Ex 3 Piove that the angle between the uiptotea of the 
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hyperbola m Prop I , Ex. 10, is double the extenor angle between 
the tangents 

E\ 4 The cuele on A A' as diametei cuts the directnces xu the 
same pouits as the asymptotes 

Ex 5 If the duectnx meets OR in F, pioie that (l) CF—AO, 
(n) CFS is a nght angle 

Ex 6 Gn en one as} mptote, the direction of the other, and the 
position of one focus, iind the vei tices 

Ex 7 If CR meets the duectnx in F } AF is parallel to SR 
Ex 8 Given the asymptotes and a focus to find the directrix 
[Apply Ex 5(a)] 

Ex 9 Given the centre, an asymptote, and a directnx, to find 
the focus [Apply Ex 5 (n) ] 

Ex 10 Given an asymptote, the duectnx, and a point on the 
li}perbola, to constiuct the curve (Ex 5) 

Ex 11 The straight line drawn fiom the fouis to the duectnx, 

1 mallei to an as} mptote, is equal to the senu-latus rectum, and is 
nsected by the curve (Cf Ex 13 ) 

Ex 12 The peipendiculai fiom the focus on eithei asymptote is 
equal to the semi-conjugate axis 

Ex 13 The focal distance of any point on the cure e is equal to 
the length of the line drawn fiom the point p irallel to an as} mptote 
to meet the duectnx. (Cf Ex 11 ) 

Ex 14 Gn en the ecceutncit} of a h}peibol i, laid the angle ( 6 ) 

between the aa}mptotes ^sec^ = i ^ 

Ex 13 Prove that the tangents to a hyperbola from C coincide 
with the asy uiptotes 

Apply Prop XVI , Ex 1, obseiviug that the tangents ue lines 
bisecting SJl, SJl' at right angles 
The asymptotes may thus be regaided as tangents to the hyper- 
bola whose pouits of contact are at infinity 

Ex 16 If the tangent at P meets an asymptote m T, prove that 
ST will bisect the angle between PS and the line through S parallel 
to the asymptote (Apply Ex 15 and Prop XVII ) 

Ex 17 If the tangent xtP meets an asymptote in T, prove that 
lSTP—lS'TC=LPS'T (Ex. 15) 

Ex 18 If a tangent meet the asymptotes m L and Jf, the angle 
subtended by LM at the faither focus is half the angle between the 
asymptotes 

[Apply Ex 16 and Prop XVIII If S'L', S'JT be drawn parallel 
to the asymptotes, LS\ MS' bisect the angles PS'L PS' IT j 
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Ex. ID Gix en an as) rnptotc, the focus, and a point on the hyper- 
bol i to construct the cun c. 

[The feet of the focal peipendiculais on the as) mptote aiul the 
tangent .at the point (Ex 16) " ill he on the circle descubed on -LI' 
as diameter (E\ 15 aud Piop XXIX "hence the centie is deter- 
mined , the directrix is found at once bv Ex 5 ] 

Ex. 20 The t ingent and noi nial at an) point meet the as\ mptotes 
and the axes rcspectivel) in foui points hmg on a cucle, "Inch 
]ias.-cs tluough the centie of the h\ peibola, and of "Inch the radius 
xaries invert'd) .is the central perpeudicuhi on the tangent. 

Ex. 21 The radius of the circle "Inch touches a hyperbola and 
its as) mptotes is equal to the pait of the latus rectum intei cepted 
bet" ecu the cui \ e ami an as) mptote (Apply Prop V ) 

Ex 22. A p crabola P anti a h\ pcrbola II liax e a common focus, 
autl the as) mptotes of II are tangents to P Pro\ e that the tangent 
it the x ertex of P is a directrix of If, and that the tangent to P at 
its mtcracction "ith A' passes through the farther xeitex of II 
[The line joining the feet of the foe il pci pcudicu) ira upon the 
os\ mptotes is the tangent at the x ertex of P (Chap I, Piop 
XAILI), and the duectnx of II (Ex. 5X If P he a common 
point, aud PM be perpendicular to the duectux of II, xxe haxo 
SP PM =1)0 CA , and SP=PM+& V SP &X = CS IS 
SP AS=SX CS=CB*=SA SA’ SP=SA'nuA A'P touches 
the parabola at P (Chap I , Prop XIV ) ] 

Ex 23 If an ellipse and a confoc.il h) peibola intersect m P, an 
as) mntote passes tluough the point on the auxiliai - ) uiclecoiie- 
bpoudmg to P (Appl) Prop IV , Ex 13 ) 

l’KOPOSlTlOX xkvill 

1/ though, any point on a Jty peibola a stiaight line 
parallel to eitha a us be dunon meeting the asymptotes, 
the j eUangle under its segments is equal to the square of 
the semi-axis to which it is parallel 

Fust case 

Through any point P on the hypeibola chaw Ppjf 
parallel to the tiansveise axis, meeting the asymptotes in 
p aud p' and the conjugate axis m n 
Then, sinco pp f is bisected at n, 

Pp Pp — Pn~ —pn 1 


[Euc II 6 
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Now 

PN 2 AN A'N=GB 2 GA 2 , 

therefore 

PN 2 GN 2 ~GA 2 =GB 2 GA 2 , 

or 

On 2 Pn 2 — GA 2 —GB 2 GA 2 , 

but 

Gn 2 pn 2 =GB 2 BR 2 

Id 

~CB 2 GA 2 , 


or 

therefoie 


PN 2 —GA 2 =pn 2 , 
Pn 2 — pn 2 = GA 2 , - 
Pp Pp'—GA 2 


[Prop VIII 
[Euc II 6 



Second case 

Through P chaw qPq' paiallel to the conjugate axis, 


meeting the asymptotes in q, q' 
Then, as hefoi e, 



PN 2 GN 2 -GA 2 =GB 2 GA 2 , y 

or 

PN 2 +GB 2 GN 2 =CB 2 GA 1 , 

or 

PN 2 +GB 1 Pn 2 — GB 2 GA 2 , 

but 

qlQ Pn 2 — qN 2 GN 2 


=AB? GA 2 


— GB 2 GA 2 , 

theiefoie 

qtf 2 =PN 2 +GB\ 

f> 

or 

qN 2 — PN 2 = GB 2 , 
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Proposition XXIX. 

If through any point on a hyperbola Vrnes be ch awn 
pai allel to the asymptotes, the i ectangle under the segments 
mtei cepted between the point and the asymptotes is con- 
stant ~ 



Thiough any point P on the hypeibola draw PH, PK 
parallel to the asymptotes, meeting them m II, K. Draw 
RAR' and qP<f pcipendiculai to GA 

Tlieu, by sumlai triangles, 

PII Pq — CR f RR', 
and ' PK Pq'—GR RR', 

therefore PIT PIC Pq Pq'=GK GR RR' 2 , 
or PII PK CB 2 —GR 2 4 RA 2 [Prop xxvni 

= GA-+CB 2 4 CB 2 
= Ctir 4GB 2 [Def 

or PH PK= \C& 

Ex 1 Find the locus of the point of intersection of the medi uis 
of the triangle formed by a tangent with the asymptotes [A 
hj peibola liai mg the same asi mptotes.] 

Ex 2 2\ Q aic points on a h} perbola. PL, QJf are drawn 

parallel to each other to meet one asymptote , Bit, QN are drawn 
also parallel to each otliei to meet the othei asymptote Prove 
that PL PIl^QJf QiV 
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Ex 3 If tluougli P, P on a hyperbola lines are drawn parallel 
to the asymptotes, tanning a paiallelogram, one of its diagonals 
will pass thiough the centie 

Ex 4 If P be the middle point of a lino which mov es so as to 
foim with two mteisecting lines a tiiangle of constant aiea, the 
locus of P is a hypeibola 

E\ 5 If tluougli any point of a hypeibola, lines be drawn 
parallel to the asymptotes meeting any semi diametei CQ in P 
and R, then CP GR—CQ 2 

Ex 6 A series of hypeibolas having the same asymptotes is 
cut by a fixed straight line paiallel to one of the asymptotes, and 
through the points of intersection lines aie drawn paiallel to the 
other, and equal to either axis of the coi responding hyperbola, 
prove that the locus of their extiemities is a parabola. 

Ex V Given the asymptotes and a point on the curve, to con- 
stiuctit (Apply Piop XXVII, Ex 5) 

Ex 8 If a line thiough the centre meets PE, PK m U, F, and 
the parallelogram PUQ V be completed, pi ove that Q is on the curve 

[If QU, YQ meet the asymptotes in U\ V', since the parallelo- 
grams Eli, (J'V are equal, PE PK=QU'. QV' ] 

Ex 9 The ordinate JSTP at any point of an ellipse is produced 
to Q , such that JYQ is equal to the subtangent at P Pi ove that 
the locus of Q is a hy peibola 

[If P is on the quadiant AB, the asymptotes are CB and the 
bisectoi of the angle ACE ] 

Ex 10 If a straight line passing tluougli a fixed point C , 
meets two fixed lines OA, OB m A, B, and if P be taken oil J B 
such that CP 1 ~CA CB, find the locus of P 

[Through C diavv CD, CE pai illel to OA, OB, to„meet them 
Thiough P diavv lines parallel to OA, OB meeting CE m it, and 
DC in E Then 0D 0E=PE PK The locus of Pis, therefoie^ 
a hypeibola of which the asymptotes aie CE, CK ] 

Def. Two hypeibolas aie said to be conjugate when 
the tiansveise axis of each coincides with the conjugate 
axis of the othei 

Thus, a hypeibola which has CB and CA foi transverse and 
conjugate axes lespectn ely, is called the Conjugate hypeibola, with 
refeience to the one we have been dealing with 

The conjugate hypeibola lias the same asymptotes as the ongmil 
one, since they aie the diagonals of the same lectangle It is 
evident that a pan of conjugate hyperbolas be on opposite sides 
of then common asymptotes, 
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It Ins ahead} been pointed out that the tico branches of a 
li} perbol i togetlier constitute one complete curve , but it must 
not, by analog} , be supposed that a pm of conjugate h} pcrbolas 
togetlier constitutes one entire cune Thc> aie a pur of totally 
distinct h} perbol is, although one is of use m deducing some pio- 
perties of the other 

Ex. 1 Tangents TP, TQ aie drawn to a lnperbolx from am 
point 2' on one of the branches of the conjugate Piove that PQ 
touches the othei branch of the conjugite 

[CT bisects PQ m V, Prop XIX , and CT CV=CT- Prop 
XX.] 

Ex 2 An ordinate XP meets the conjugate li}peibola m Q, 
pio\e that the normals at V md Q meet on the transi erse axis 

[If the normal at Q meets the axes in <t and O', 

QO’_CJ s CV 
Q0~CB* w ‘A’(r 
Apply Props. XXV , XXVI ] 

Proposition XXX 

If through any point on a hypeibola, or its conjugate 
a stiuight line be diawn in a gnen duett ion to meet the 
asymptotes, the rectangle under its segments is constant 



Let P be the point on the gnen hyperbola and Q a 
point either on the same hypeibola oi its conjugate 
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Diaw pPp' and qQq' m the given duectlon, meeting the 
asymptotes in p, p' and q, q' lespectively Tlnough P, Q 
diavv uPuf, vQv' paiallel to the conjugate axis, meeting 
the asymptotes m u , u' and v, v' lespectively 

Now, by similai tuangles, 

Pp Qq=Pu> Qv, 
and Pp' Qq'=Pu' Qv', 

theiefoie Pp Pp' Qq Qq' == Pu Pu' Qv Qv', 
but Pu Pit! ~GB--Qv Qv', [Prop XXVIII 

theiefoie Pp Pp‘ = Qq Qq' 

E\ 1 Piove that 

Pp Pp' —Qq Qq'=CD°-, 

wheie CD is the parallel scun-diainetei teinunated by the cane 
or its conjugate 

Ex 2 An oidinate QV of any diameter CP is produced to 
meet the asymptote m R, and the conjugate In perbol i in Qf 
Piove that QV*+(?r-=2RV* 

Piove also tliat the tangents at Q, Q' meet CP m points equidistant 
fiom C [Q'V i - RV x =CD i Foi the second pait, apply Pi op XX] 

Proposition XXXI 

If any line cut a hyperbola the segments intercepted 
between the curve and its asymptotes are equal, and the 
pot tion of any tangent intei cepted between the asymptotes 
is bisected at the point of contact 

Let any line meet the cuive and its asymptotes m Q, 
Q' and q, q' lespectively 

Now Qq Qq'-Q'q.Q'q' [Piop XXX 

oi Qq QQ’+Qq Q'q'=QY^QQ'+Qz [Eucin 
or Qq QQ'=Q'q'. QQ', 

therefore Qq = Q'q' 
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If now QQ' be made to move paiallcl to itsolf until tbo 
points Q, Q' coincide at a point P on tho cm vo it becomes 
the tangent to the cur\o at P anti Pp—Pp' 



Ex. 1 From i .{iveii pomt on a hj portiuln, draw a straight hue 
such llut tho nginuil intoioi pud between tlio uthet intersection 
with the Inpuboh ami a given asymptote*, Hindi ho upiid to a 
given Inn. 

\\ Inu dues tho prubb tu 1 h'« onn impossible ? 

Ex 2. 'the foot of the nonu >1 at V w wpiwlitt mt irom p,p’ 

V t 3 Provo tl» it <Ij <pf ~ Pp 1 

Lx 1 It QK In. drawn lurilkl to Of -uni <£ K' partllel to V<j, 
tlan Kq=* A'ty » and K(J ^ A y 

hx 5 the tangi'iit at P meets an tw> mpton in T, ami t lino 
T<£ tlrawn patalkl t*> tin. other u*y mptoto moot* tho curve in y , 
if I’Q pixxhii cd inicti tho i*\niptot<a in 11, 11', piovc that UK is 
t risen. ted at P and Q 

Ex C Tilt di uni tor In acting an\ iluml yy of a hjpubola 
nu/cH tho curve m P , ami y//, PA, I fit' ire drawn pimlkl to 
out mptoto mu tin*' the other iii If, J\, IP Piov t tli it 

VII (’ll’~Ch> 

Ex 7 A Into drum through «iw of tin vi.rtn.tH of a lijpoibola, 
and ttrniinati d bv two lints drawn Enough tho othti vottox 
parallel to iht 'uviuptotiH, will bt birtttUd it tho othoi point 
wln.ro it cut -i tin h> perl min. 

Ex 8 If y 5' bt tho Imgeiit from y, and yV/, TK, <fJP bo 
drawn parallel to Cq uniting (V in II, n, IP, inovo that 

y/i +<///* -IT A 

L 
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Ex 9 Through any point) P on a hyperbola lines are drawn 
parallel to the asymptotes, meeting them in M and N , and any 
ellipse is constructed having CM, ON for semi-diameteis If GP cut 
the ellipse m Q, show that the tangent to the ellipse at Q is parallel 
to the tangent to the hyperbola at P [Each is paiallel to J/iV] 



* Proposition XXXII 


The area of the triangle fot'med hy the asymptotes and 
any tangent to a hypeibola is constant. 



Let the tangents at the vertex A and at any point P 
meet the asymptotes in R, R' and T, t respectively. 

Draw PH, PIC paiallel to the asymptotes, meeting them 
in jBT and K 

Then, since Tt is bisected at P, 

GT =2 Off, [Prop XXXI 

and Ct- 2 . GK, [Euc YI 2 

therefore GT Ct= 4 GK GH 

= 4 . PH PK 


= [Prop XXIX. 

= GR OR' [Def 

Therefore the triangle GTt is equal to the triangle GRRf, 

[Euc YI 15 


and is, therefoie, constant 
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E\ 1 If ail) two tangent# be drawn to a hyperbola, the lines 
joining the points wheie they met the asymptotes will be parallel 
E\ 2. If TOt, T'Otf be two tangents meeting one asymptote in 
T, T\ ami the other in t, t\ pro\ e th.it 

TO 0l=l!0 TO 

E\- 3 Tangents aie drawn to a. hi perbola, and the poition of 
each tangent intei ceptcd between the asymptotes is divided in a 
constant ratio Proi e that the locus of the points of section is a 
hyperbola (Appli Prop XXIX ) 


PROPERTIES OP CONJUGATE DIAMETERS 
Proposition XXXIII 


If one diameter of a hypo bola bisects chords j)(u allcl 
to a second the second diameter bisects choids parallel to 
the just 



Let CP bisect choids parallel to CD, then CD bisects 
choids patallel to CP 

Draw AQ parallel to CD meeting CP pioduced m V, 
Join A'Q, intersecting CD in U 
Then, because AQ is bisected m V and A A' in C, CV is 
parallel to A'Q [Euc. YI 2 

Again, since AA' is bisected m C and CD is parallel 
to AQ, A'Q is bisected by CD [Euc VI 2 
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Therefore CD bisects all chords paiallel to A'Q, 

[Prop IX. 

and, therefore, all choids parallel to CP 

Def. Two diameters so related that each bisects choids 
parallel to the other aie called conjugate chametei s 

Thus CP and CD are conjugate to each other , so also xie the 
transverse and the conjugate a\es 

It is cleai that of two conjugate diameters, one (as CP) will 
meet the hypeibola, and the other (as CD) the conjugate 
hyperbola 

The poition CD teimiuated bj the conjugate hjperbola is 
usually called the senu-diameter conjugate to CP 

Ex 1 If any tangent to a hj perbola meet any two conjugate 
diameters, the rectangle undei its segments is equal to the 
square of the parallel semi-diameter (Cf Chap II, Pi op 
XXX., Ex. 7) 

Ex. 2 Given m magnitude and position any two conjugate 
semi-diameters of a hyperbola, find the trausveise and conjugate 
axes (Cf Chap II, Prop XXX, Ex 8) 

Ex 3 Draw a tangent to a hyperbola parallel to a gneii 
straight line 

[The point of contact (P) of the required tangent is obtained by 
drawing CD parallel to the gnen straight line, and CP parallel 
to the tangent to the conjugate hypeibola at Z>] 

Ex 4 If CQ be conjugate to the noimal at P, CP is conjugate 
to the normal at Q 

Ex 5 OP, OQ are tangents to a hyperbola from 0 Pioie 
that CO, PQ are parallel to a pan of conjugate diameters (Pi op 
XIX.) 

Ex 6 An ellipse or a hypeibola is drawn touching the asymp- 
totes of a given hyperbola Prove that two of the clioids of 
intersection of the curves are paiallel to the chord of contact of 
the conic with the asymptotes 

[If PP‘ be the chord of contact and CV bisect PP, then CY, 
PP are parallel to a pair of conjugate diameters m both conics ] 

Def. Chords which join any point on a hyperbola to 
the extremities of a diameter are called supplemental 
chords 
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Proposition XXXIV. 

Supplemental choicls of a hyperbola are parallel to 
conjugate diameters 



Join any point Q on the hypeibola to the extremities 
of a diameter LGM Then QL and QM aie supplemental 
chords. 

Diaw CP, GJD parallel to QL and QM i espectively, then 
they shall be conjugate diameters 
Because L21 13 bisected in G, and GP is parallel to LQ, 
GP produced bisects MQ, [Euc. YL 2 

and, therefore, all chords paiallel to CD [Prop Ty - 

Therefore GD bisects all chords paiallel to GP, 

[Prop XXXIII 

and is, therefoie, conjugate to it 

\ j t JL* Proposition XXXV 

i The tangents at the extremities of any pair of con- 
■ jugate diameteu, meet on the asymptotes, and the line 
joining the exti amities is parallel to one asymptote 
and bisected by the other 
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Let GP, GD be a pair of conjugate semi-diameteis 
Draw iPr' the tangent atP, meeting the asymptotes m 
r and i\ Join Dr and produce rD to meet the other 
asymptote m K 



Now, since P is a point on the curve and D on its 
conjugate, and DG meets both the asymptotes m G and is 
paiallel to Pi, [Props XII and XXXIII 

DG 2 =Pr Pi' [Pi op XXX 

=P> 3 , [Prop XXXI 


thei efoi e GD = Pi 

Theiefore Dr is paiallel to GP, and Gr, PD bisect each 
other at 0 

Again, since Pi —Pi', [Prop XXXI 

and Oi = OG, 

therefore PD is parallel to i'K [Euc VI 2 

Therefore Di =DK, [Euc. VI 2 

and KDr is the tangent at D [Prop xxxr 


Ex 1 If PD be drawn parallel to an asymptote to meet the 
conjugate hyperbola in D, CP, CD aie conjugate diameteis 
Ex 2 Conjugate diameters of a hyperbola aie also conjugate 
diameters of the conjugate liypeibola. 
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Ex 3 CP, CD aie conjugate diameteis of a hjpeibola. PX, 
DM are o ululates to the transvciso axw Piove that 
( 1 ) CJf PX=CA CB 

(h) DM CN— CB CA 

Let the tangent to the hj pel bola at P and to the conjugate at 
D, meet the transverse axis in T, t lcspectnelj Then UP, PP 
are parallel to Dt, DC Now 

OT CiV=CA‘=Ct CM (Piop XX) 

CM CX—CT Ct—PT CD—PX DM^CX Mt , 
CX-—CM Mt=OA*+CM* (Piop XX) 

<?.!/== QX*- CA * 

But PX 1 CA *—CA*—CB* CA* (Piop YIH) 

(i) follows lnunedutoh 

E\ l If the normal at P meet the axes in O', q, piove that 

(i) FG CD=CB CA 
(n) Pq CD—CA CB 
(n) DO Pq— CD* 

(The triangle* DCM and PCX aro similar, os also the triangles 
DCM and Pg)C\ 

Ex 5 A cucle is drawn touching the transverse axis at C, 
and also touching the cune Piove that the diuneter conjugate 
to the dianietei through eitltei point of contact, is equal to »S*S' 

[If the normal at P meets the axes m (J, a, and the tangent at 
P nuets CB m t, Ct=PO, and CD*=PU Pq**Ct Cg^CS* Piop 
XXIII, Ex 1] 

Ex 6 The area of the parallelogram foimed by the tangents 
at the exti entities of auj pair of conjugate diameters, is constant 
and equal to 1 CA CB (Apply Prop XXXII ) 

Ex. 7 The tangent at i point P of an ellipse (centre 0) meets 
the h\ pei bola having the same axes as the ellipse, m C and D 
If Q be the middle point of CD, prove that OQ, OP aie equally 
inclined to the axes 

[Draw OrR parallel to PQ, meeting the ellipse and hjpeibola 
in r and R , then OP, Or are conjugate in the ellipse, and ‘OQ, OR 
in the hj perbola. If PX, QJ/1 rl , RL be the ordinates, vv e hav e, 
for the ellipse, 

-orm-ia n - ^ xxxln ) 

or PX_OB* 01 

’ OX~OA* 1 1 

Similarly, for the hj perbola, 

QM_OB* 01 
OJTOA* rl 
PX OX=QM OM] 


(Ex 3) 
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Ex 8 With two conjugate diameters of an elbpse as asymp 
totes, a pair of conjugate li> peibolas is descubed Prove that if 
the ellipse touch one hyperbola, it -will also touch the other 
[The diameters drawn through the points of contact are con- 
jugate to each other ] 

Ex 9 Apply this proposition to prove Prop X. 


Proposition XXX VI 

The difference of the squares of any two conjugate 
serm-diamietei s of a hype) bola is constant 
(CP 2 ~ CD 2 ~GA 2 ~ GB 2 ). 



Let GP, GD be a pair of conjugate semi-diameters 
Draw the ordmate qPJPf, meeting the asymptotes m 
q, (f, and join PD , let PD meet the asymptote in K 
J oin Dq 

Then, since the asymptotes are equally inclined to the 
ordinate qPNq, [Const 

and PK is parallel to the asymptote Of, [Prop XXXV 
the angles KqP and KPq aie equal 
Therefore Kq—KP=KD [Prop XXXV 

Therefore the circle described on PD as diametei passes 
thiough q, and the angle PqD is a light angle [Euc III 31 
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If, therefore, qP produced meet the conjugate axis m M 
and the asymptote Gq ' in q", qMq" will be at light angles 


to GB 

Now 

Gq 2 - CP 2 = qN 2 - PiV 3 

[Euc I 47 


Pq' 

[Euc II 5 


= GB 1 , 

[Prop XXVIII 

and 

Gq 2 — GB 1 = qM 2 — DiP 

[Euc I 47 


=Pq Pq" 

[Euc. II 5 


— CA 2 , 

[Prop XXVIII 

tlieiefoie 

CP 2 ~ CP 2 — CA 2 ~ CB 2 

<• 1 IV 


Ex 1 If from any 'point on an asymptote of a hyperbola, 
ordinates be draw u to tlie cun c and it3 conjugate, meeting tlicm 
m P and B respectively, show that CP and Cl) will be conjugate 
semi-diameters, and conversely 

Ex. 2. Apply Piop XXXV, Ex. 3, to prove this pioposition 
We ha\ e CS’ 2 -C2I 2 =UA 2 

Similarly , if Pn. Bn i be ordinates to CB, 

Cm 2 - C'a 2 = GB 2 , 
or B2I 2 - PN 2 = CB 2 

Subtnctmg, CP 2 •» CB 2 = CA 2 ~ CB 2 

Ex 3 The difference between the sum of the squaies of the 
distances of any point on the curve from the ends of any diameter, 
and the sum of the squares of its distances from the ends of the 
conjugate, is constant [ = 2{GA 2 CB 2 ) ] 

Ex 4 <r is the focus of the conjugate hypeibola lying on CB 
Prove that <rD-SP=CA-CB 

(Apply Ex. 1, and Prop XXVII , Ex 5 and 13 ) 

Ex 5 Prove that SP S'P=CB 2 

[SP S’ P~2 CA Then squaie and substitute Cf also Prop 
XXIII , Ex. 5, and Prop XXXV , Ex 3 ] 

Ex. 6 In Prop XXIII , Ex 1, prove that 
St tg—CB CB , 

CB being conjugate to CP [Apply Ex. 5 and Prop XXI ] 

Ex. 7 If the tangent at P meet any conjugate diameters in 
T aud t, the triangles SPT, S'Pt are similar 

[5P PT=Pt BP Apply Ex. 5 and Prop XXXIII , Ex 1 } 

Ex 8 If the- tangent at P meet the conjugate axis in t, the 
areas of the triangles SPB, StB are the ratio of CB 2 St 2 (Apply 
Prop XXIII, Ex. 1) 
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Ex 9 Through 0 a lme is drawn parallel to either focal dis 
tance of P , if DE is drawn perpendiculai to tins line, prove that 
DE—CB 

[If SY is perpendicular to the tangent at P, the triangles SY1\ 
CDEvae sinnlai Then 


DE GD=SY SP=S’Y' 
DTP SY S'Y' BC'- 
CD'~ SP h'P~CD i 


S’P, 

Pi op XXI and E\ 5] 


* Proposition XXXYII 

The square of the orclmate of any 'point of a hyperbola 
with o espect to any diameter vai tes as the ? ectangle under 
the segments of the diameter made by the oi dmate 
(QV 2 :PV. P'V— OJPJJP 2 ) 



Let QV be an oi dmate to the diameter POP’, meet- 
ing the asymptotes m q, <f 

Draw the tangent at P meeting the asymptotes m r, V 
Then Pr is parallel bo QV pp 10 p XII 

Therefore, by similar triangles, 

qV 2 P^=GV 2 GP\ 

therefoie qV 2 -Pi 2 Pr 2 = GV 2 -GP 2 . GP% 
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From Pi op XXYII it is clear that the asymptotes of 
an eqwilatcial hypeibola are at right angles to each 
otliei From this propeity the curve is also called a 
rectangular hyperbola 

Ex Proie that the locus of the intersection of tangents to a 
parabola including half a right angle, is a rectangular I13 peibola 
(Prop I , Ex 10, and Pi op XXYII , Ex 3 ) 

The piopeities of the hypeibola proaed m the pic- 
ceding piopositions aie, of couise, true for the equilateral 
hypeibola as well In some cases, however, the results 
assume foi ms which are desei ving of notice 

Thus, foi the equilateral hypeibola, we have 

Plop III 6 = ^/2, (See Ex 2) 

OS 2 =2 Chi 2 , 

GS=2GX 

Ex If a circle be described on SS' as dianietei, the tangents at 
the vertices will intersect the asymptotes in the circumference. 

Prop Y 8L = GA, 

01 , Latus 1 ectum = A A' 

Piop YIII PIP— AN A'N 

Ex 1 If PNP’ be a double ordinate, the angles PAP' and 
PA'F ai e supplementary 

Ex 2 The tuangle formed by the tangent at any point and 
its intercepts on the axes, is sinnlai to the tuangle formed by the 
central radius to that point and the abscissa and ordinate ot the 
point (See Prop XX , Ex 1 ) 

Ex 3 If if be a point on the conjugate axis, and MP be drawn 
parallel to tho transverse axis meeting the curve m P, then 
PM— AM 

Ex 4 The tangent at any point P of a circle meets a fixed 
diameter AB produced in T, show that the straight line tlnough 
T perpendicul ir to AB meets AP BP pioduced in points which 
lie on an equilateral hypeibola. 

Ex 5 If AB be any diameter of a cncle and PA Q an ordinate 
to it, the locus of intersection of AP, BQ is an equilateral hj perbola. 
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Ex. G The locus of the point of mteiscetion of tangents to an 
ellipse which make equal angles with the major and minor axis 
rcspectiv elj , and are not at right angles, is a rectangular hyper- 
bola. (The foci of the ellipse will be the a ertices ) 

Prop XXYr CF=KG, 

PG=Pg—CP 

Prop XXXP CP=Pi=P/ 

Ex. 1 A circle whose centre is anj point P and radius CP, 
intersects the normal on the axes and the tangent on the asymp- 
totes 

Ex 2 If the tangents at tw o points Q and Q meet m T, and 
if CQ, Cty meet these tangents m R and R\ tlie circle circum- 
scribing llTR passes throngli C 

E\ *1 Tlie angle subtended by am chord at the centi e is the 
‘■nppknient of the angle between’the tangents at the ends of the 
chord 


PnorosiTiox A 

Conjugate diamctas me equal in the equilutcial 
hypei hola and the asymptotes bisect the angle between 
them 

Let CP, CD be any two conjugate semi-diameters 
Then CP 2 ~ CD- = CA- ~ Clf- = 0, [Prop XXXVI 

since the axes me equal 
Therefore CP = CD 

Again, since the asymptote Cr (Fig, Pi op XXXV) 
bisects PD it must bisect the angle PCD 
Similarly, it may be shown that the asymptote CP 
bisects the angle PCD ' 

Ex. 1 A circle is described on tlie transverse axis as diameter 
Prove that if any tangent be drawn to the hyperbola, the straight 
lines joining the ccnti e of the hj pcrbola with the point of contact 
and with the middle point of the chord of intersection of tlie tan- 
gent w ith the circle, are inclined to the asv mptotes at complementary 
angles. 
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Ex 2 The lines drawn fiom any point on the curve to the ex- 
tremities of any diameter make equal angles with the asymptotes 
(Prop XXXIV) 

Ex. 3 The focal chords drawn parallel to conjugate diameters 
are equal (Plops VI and X ) 

Ex 4 If two concenti ic rectangular hyperbolas be described, 
the axes of one being the asymptotes of the other, they will cut at 
right angles 

E\ 5 The normals at the ends of two conjugate diameters 
intersect on the asymptote and are parallel to another pair of 
conjugate diameters (Prop XXXV ) 

Ex 6 If QY be an oidinate of a diameter PCp, 

QV-=PV p V (Prop XXXVII 

Ex. 7 If tangents parallel to a given direction are drawn to a 
sj stem of circles passing tluoiigh two fixed points, the points of 
contact lie on a rectangular hy perbola (Apply Ex 6 ) 

Ex 8 Gnen the base of a triangle and the difference of the 
angles at the base, proie that the locus of the lertex is a rect- 
angular lijpeibola (Apply Ex 6) 

Ex 9 PCp is a diametei and QY an ordinate, proie that <2T r is 
the tangent at Q to the circle round the tnangle PQp (Apply 
Ex 6 ) 

Ex 10 If P be a point on an equilateral hyperbola and if the 
tangent at Q meet CP in T, the circle circumscribing CTQ touches 
the oidmate Q V conjugate to CP (Apply Ex 6 and Prop XX) 

Ex 11 The angle between a chord PQ and the tangent at P, 
is equal to the angle subtended by PQ at the other extremity of 
the diameter through P 

Ex. 12 The distance of any point on the curve from the centre 
is ageometnc mean between its distances from the foci (Apply 
Prop XXXVI, Ex. 5) 

Ex 13 The points of intersection of an ellipse and a confocal 
rectangular hyperbola are the extiemities of the equi-conjugate 
diameters of the ellipse (Apply Prop XXXVI , Ex 5, and Chap 
II, Prop XXXV, Ex 5) 


Ex 14 If two focal choids be parallel to conjugate diameters, 
the lines joining their extremities intersect on the asymptotes 

[If PSp, QSq be the chords, it may be shown that pq, Pg,and 
an asymptote will meet on the directrix at the same point Prop! 
VII and Prop XXVII , Ex 5 ] — 
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PnorosmoN B. 

In the equilateral hyperbola the tutivn'crsc axis bisects 
the angle between the central i minis vector of any point 
and the ceniial perpendicular on the tanaent at that 
point 



Let P be any point on an equilateral hyperbola and 
UJ the senn-diamctci conjugate to OP; hi CZ be tbo 
perpendicular on tlio tangent at P 

If OR be the asymptote, because 
,, i OA=AR > [Piop XXVII 

tlktr? a m e‘°> «'“t n hair of u,o 

an e le DGZ, since CD is parallel to PZ 

But tie angle FOR „ ha,f„f Ure 

W 0 eP®rr n8 ^t F0A “ hdf “f’thuLaln. 

S g PGZ, that is, CA bisects the angle PCZ 
ST (A|-Pb Prop XX) 

' * ,,t th ' ™8>'» OTA ami CAZatc equal 
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Proposition 0 

In the equilateral hyper bola diameters at nght angles 
to each other are equal 



Lei there be two semi-diameters OP, CD at right 
angles to each othei, meeting the curve and its conjugate 
in P and D lespectively 

Then the angle 4.CP=the angle POD, 
each being a light angle Taking away the common 
angle PGB, 

the angle -4 CP = the angle BOD 
Hence from symmetiy, since the cuive and its conjugate 
' are equal and similaily placed with respect to the axes, 

OP = OD 

E\ 1 Prove that focal chords at light angles to each other 
aie equal 

E\ 2 If a light angled tuangle be insciibed m the cuive, the 
noimal at the light angle is parallel to the hypotenuse (See 
Piop X.) 

Ex 3 Clioids which subtend a right angle at a point P of the 
curve, aie all parallel to the normal at P 

Proposition D 

The angle between any two diameters of an equilateral 
hyperbola is equal to the angle between their conjugates 
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T . cp OF be any Wo semi-diameteis, and CD, CD 



Then, if OR be the asymptote, 

the angle PCR~i be angle BOR, [Prop A. 
and the angle FOR -the angle DVR ; [Prop A 
therefore, by subtraction, 

the angle POP'— the angle DCF 


Ex. 1 Conjugate diameters are inclined to eitliei axes at angles 
■which are complementai} 

Ex 2 If CP, CD be conjugate semi diameters aud PI?, DM 
ordinates, the triangles FCN, DCM aic equal m all respects 
Ex. 3 The difference between the angles which the lilies join* 
ing any point on the enn e to the extremities of a diameter make 
with the diameter, is equal to the angle ■wlucli the diameter makes 
with its conjugate 


Ex. 4 The angles subtended by any chord at the extremities 
of a diameter are equal or supplementary (Apply Pi op XXXIV ) 

Ex. 5 AD is a chord of a cncle and a diameter of a rectangular 
hyperbola, P is any point on the cncle, AP, DP, produced if 

tli \ h yi ,e r bo5a lu & Q' respectively Piove that 
■fly and Ay intersect on the circle (Apply Ex 4 ) 

_ n ^; 6 , A circl t e and a rectangular hyperbola intersect in four 
points and one of their common chords is a diameter of the hyper- 

Se (App^x %° ther C ° mm0n Ch0rd a diameter <* 


31 
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Ex V QN is dnvwn peipendicuki from anj point Q on the 
cmve to the tangent at P Pio%e that the circle round GNP 
bisects PQ (Apply Ex 4 ) 

Ex 8 If a lectangulai lij'peibola circumscnbe a tuangle, the 
locus of its centie is the mne-pomt circle 

[The diameters to the middle points of the sides aie conjugate to 
the sides lespectivelj ] s 

E\ 9 The tangent at a point P of a rectangulu lij peibola meets 
a diameter QCQ' in T Prove that CQ and Ty subtend equal angles 
atP W 

' * Proposition E 

If a rectangular hyperbola cm cumsci ibe a triangle 
it passes through the orthocenti e 



Let a lectangulai liypeibola cireumsciibmg a triangle 
ABO meet AD, drawn perpendicular to BO, in 0 
Then the rectangles A D O D, , BD CD — are as the 
squares of the semi-diameteis parallel to AD, BO [Prop X. 
But the semi-diameters being at right angles to each 
other, are equal [Prop C 

theiefore AD. OD=BD OD 

Theiefore, as is well known, the point 0 must coincide 
either with the orthocenfcre or with the point 0' where 
AD meets the circle qn cumscnbmg the triangle ABO, 
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Bui the latter case is impossible, foi tben the lines 
AD, BG, -which aie at right angles to each othei, -will be 
equally inclined to the axis, [Prop XI 

and will, therefore, be parallel to the asymptotes, which 
are also at right angles to each other and equally inclined 
to the axis [Prop XXVII 

Hence BG, being parallel to an asymptote, cannot meet 
the curve m two points (see Piop XXVII , Ex 2), which 
is contrary to the lij’pothesis 

Hence the cuive must pass thiough the oithocentre 

Ex 1 Every conic passing through the centres of the four 
circles v Inch touch the sides of a triangle is a rectangular 
hyperbola 

Ex 2 An} conic passing through the foui points of inter- 
section of two rectangular In perbolas, is itself a rectangular 
hyperbola 

E\ 3 If two lectangulnr hy pcibolas intersect m A, B , C, D, 
the circles desenbed on JB, CD as diameters intersect each other 
orthogonally 

[D is the oitliountre of the tnangle ABC Observe that the 
distance betw ecu the middle points of AB and CD is equal to the 
radius of the cucumscnbmg circle ] 


Miscellaneous Examples on the Hyperbola 

1 Given the two asymptotes and a point on the curve, 
show how to construct the curve and find the position of 
the foci 

2 CP, GD aie conjugate semi-diameters and the tan- 
gent at P meets an asymptote m r If rn be the per- 
pendicular from r on the tiansverse axis DPn is a right 
line 

3 P is any point on a hyperbola whose foci are 8, 8' j 
if the tangent at P meet an asymptote m T the angle 
between that asymptote and S'P is double the angle 8TP. 
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4 Given four points on an equilateral hyperbola which 
aie at the extiemities of two choids at right angles and 
also the tangent at one of the points, find the centre of 
the cuive 

5 The tangents at the extremities P, P' of a choid of 
a conic parallel to the transverse axis meet m T If two 
circles be drawn through 8, touching the conic at P 
and P' respectively, piove that F, the second point of 
intersection of the circles, will be at the intersection of 
PP' and ST 

Piove also that the locus of F from different positions 
of PP' will be a paiabola with its vei tex at S and passing 
through the ends of the conjugate axis 

6 Given a pan of conjugate diametei s POP', BCD', find 
the position of the axis 

[Join PD, PBt, bisect them m E and F, join GE, OF, bisect tlie 
angle EGFhy the line A’CA, and thiongh G diaw BOB' peipendi- 
cnlai to AG A ! , these are the axes sought] 

7 If the focal ladn vectores, the ordinate and the tan- 
gent at any point P of a hyperbola meet an asymptote m 
Q, JR, E, T respectively, and M be the middle point of 
QR, prove that PQ PR =2{CM & ET) 

8 If P and Q be the points of contact of oithogonal 
tangents from 0 to two confocal conics, the noimals at P 
and Q to the two conics will intersect on the line joining 
0 to their common centre 

9. Describe the hypeibolas which have a common focus, 
pass through a given point and have then asymptotes 
parallel to two given straight lines 

10 From each of two pom is on a lectangular hyper- 
bola a perpendicular is diawn on the tangent at the 
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other, prove that these peipendiculars subtend equal 
angles at the centre 

11 If the focal distances of a point P on a hypeibola 
meet an asymptote m U and V, the penmetei of the 
triangle PTJV is constant for all positions of P 

l£ If a hyperbola be described touching the thiee sides 
of a triangle, one focus lies within one of the three outer 
segments of the circumscribing circle made by the sides 
of the triangle 

13 Two fixed points P, Q aie taken m the plane of a 
given cncle and a chord RS of a circle is drawn parallel 
to PQ ; prove that the locus of intersection of RP and SQ 
is a conic 

14 Tangents are diawn to a l ectangular hyperbola fi om 
a point T on the transverse axis, meeting the tangents at 
the vertices m Q, Q' Prove that QQ" touches the 
auxiliary circle at R, such that RT bisects the angle 
QTQ' 

15 If the tangents at the ends of a chord of a hypei- 
bola meet m T and TM, TM be drawn parallel to the 
asymptotes to meet them in JLT, M, then MM is paiallel 
to the choid 

16 The locus of the intersection of two equal cucles 
which are descnbed on two sides AB, AG of a triangle as 
chords is a lectangular hypeibola whose centre is the 
middle point of BG and which passes through A, B, G 

17 Through a fixed point 0 a chord POQ of a 
hyperbola is drawn, PL, QL aie diawn parallel to the 
asymptotes , show that the locus of I is a similar and 
similarly situated hypeibola. 
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18 A circle and a rectangular hyperbola circumscribe 
a triangle ABC, right angled at C If the tangent to the 
circle at C meets the hyperbola again in C\ the tangents 
to the hyperbola at C, (f intersect on AB 

19 Find the locus of the middle points of a system of 
chords of a hyperbola passing thiough a fixed point on 
one of the asymptotes 

20 CP, CD are conjugate semi-diameters, if 

CD=2J2 CB, 

prove that the tangent at P passes through a focus of the 
conjugate hyperbola. 

21 Given a focus and three points on a come, find the 
directrix Show that three at least of the four possible 
conics must be hyperbolas 

22 The noimal at any point P of a hypeibola meets 
(the asymptotes m g v g 2 and the conjugate diametci m / , 
prove that Pf is the haimomc mean between Pg v Pq, 

23 The sum of the squares of the perpendiculars drav n 
fiom the foci of a hyperbola on an} 7 tangent to the conju- 
gate hypeibola is constant ( = 2 CB 2 ) 

24 The tangent at P meets the asymptotes m T, t, and 
the normal at P meets the transverse axis m G } prove that 
the tiian"le TGt lemams similar to itself as P vanes 

O 

25 The intercept on any tangent to a hypeibola made 
by the asymptotes subtends a constant angle at cithei 
focus 

26. Given two tangents to a lectangulai hyperbola and 
their points of contact, to find the asymptotes 

27 A cucle touches a conic at a fixed point and cuts it 
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in P and Q , the ldcus of the middle point of PQ is a right 
line 

28 If two conics with a common directrix meet m four 
points, these four points lie on a circle whose centre is on 
the straight line joining the corresponding foci 

29 The locus of the middle point of a line which moves 
so as to cut off a constant area from the corner of a rect- 
angle is an equilateral hyperbola (Prop XXIX., Ex 4 ) 

30 If between a rectangular hyperbola and its asymp- 
totes a concentric elliptic quadrant be inscribed, the 
rectangle contained by its axes is constant (Apply 
Chap II , Prop XXII , and Chap III , Prop XXIX ) 

31 Given an asymptote, a tangent and its point of 
contact, to construct a lectangular hypeibola 

[Let the tangent at P meet the asymptote m L Make PM—LP 
and draw MG at right angles to LG G is the centre and the focus 
S, which lies on the bisector of the angle LCM is detei mined by 
the relation GS 2 =GL CM Prop XXXII The directn\ bisects 
CS ] 

32 Straight lines, passing through a given point, are 
bounded by two fixed lines at i ight angles to each other 
Find the locus of their middle points 

[Let OX, OF be the fixed straight lines and P the given point 
If C be the middle point of OP, the locus will be a rectangular 
hyperbola of 'which the lines through G parallel to OX and OF are 
the asymptotes Apply Prop XXIX ] 

33 Given a point Q and a stiaight line AS, if a line 
QGP be drawn cutting AS in 0, and P be taken in it, so 
that PD being perpendicular upon AS, GD may be of 
constant magnitude, the locus of P is a lectangular 
hyperbola (Prop XXIX ) 

34, Paiallel tangents are drawn to a series of confocal 
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ellipses Piove that the locus of the points of contact is a 
lectangulai hyperbola 

[See figuie, Chap II, Prop XXVIII CFv.CG «md 
PFv. PR a. Cl<x. CT Therefore PF CF a CG CT— CS Z = constant ] 

35 From the point of mteisection of the dnectux with 
one of the asymptotes of a lectangular hypeibola a tangent 
is drawn to the curve, meeting the other asymptote in T 
Piove that GT is equal to the tiansveise axis (Apply 
Piop XXXII and Piop XXVII, Ex 5) 

36 If a rectangular hyperbola, having its asymptotes 
coincident with the axes of an ellipse, touch the ellipse, 
the axis of the hyperbola is a mean propoi tional between 
the axes of the ellipse (Apply Props XXXI , XXXII , 
and XX) 

37. Ellipses are inscribed m a given parallelogiam ; 
piove that their foci lie on a lectangulai hyperbola 

38 Given the centie, a tangent, and a point on a' 
lectangulai hyperbola, find the asymptotes 

39 Piove that the parallel focal choids of conjugate 
hyperbolas are to one another as the eccentricities of the 
hyperbolas 

40 With each pan of three given points as foci a 
hypeibola is drawn passing thiough the thud point 
Piove that the thiee hyperbolas thus drawn intei sect 
m a point 
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LUOIAK —EXTRACT S I ROM LUCIAN With Exercises Bv Rev J Bo id, M A , 
and Re i A S W alpole, M A 

KEPOS — SELFCriONS ILLUSTRATIVE or GRELK AND ROSIAN HISTORY 
With FiercUcs By G S Far sell, M A 
OVID — SELECT IONS By F S SnccKnunrn, M A 
EAST SELLCTIONS FROM OV ID IN I LLGIAC I ERSE With Lxerclses By 
II V ILKIVKOS M A 

3H-TAS10HPH0S1-S BOOK I Bv CiMnr.ES Simmons, M A [In preparation 
STORIES FROM THL METAMORPHOSES W ith Exercises By Rer J Bond, 
If A md Rov AS WALrorr MA 

TR15TIA— BOOK 1 B> E S bnuckncraii, M A [ In preparation 

BOOK III Bj I 8 Sin-Cknunoir SI A fin preparation 

PHJEDRUS — Bj Ror G H Nail, SI A [In preparation 

SH ECT FARITS Adopted for Biginncra Dr Rov A 8 Walpolf, M A 
THUCYDIDES -TIIE RISL 01 THL ATIIFN'IV'. LMPIRE BOOK I Cna 
80 117 and 22S !33 With I xerclscs By F H Colson SI A 
TIIE FALL OF FI AT -LA, AND THL PL\OUF AT ATHENS From 
BOOKS II ami III Bv W T Surrnn r , M A , and A S Graves, B A 
VTRGIL. — ‘■FLECTIONS By F S SHLCKLunon, M A 
BLCOI ICS BiT I rArn, M A 
GrORGICS BOOK I BiT 1 PA<ir, M A 
BOOK II Bj Km J H bi hinp, ,M A 

BOOK III Byl E Pace, M A {In preparation 

BOOK IV ByT L I’Aor, ’I A [In preparation 

Jl sriD BOOK I Bj Her A S WALrorr, M A 

BOOK I Bj T L Paor, M A 

BOOK U By T E Paoe, V A 

BOOK III ID T F Paoe, M A 

BOOK IV ID Ret H if Sttpiii nbon, M A 

EOOICV BvRev A CAivri-T, M A 

BOOK VI Bj T L Pagf, SI A 

BOOK MI By Rer A CAtwnT, SI A 

BOOK VIII ltj Rcr A CALvrnT, SI A 

BOOK IX By Rcr II M STErnr son, M A 

BOOK X By S G Orr-rv, SI a 

XENOPHON — ANABASIS ‘’elections, adnptcd for Beginners With Exerciscsi 
Bj W W rLCir, M A , nid G G Dlptieid, SI A 
BOOK I W 1th FxercLes Bj E. A W rLLS, W A 
BOOK I Br Rev A S W alpoi r, M A 
BOOK II Bj R<-r A S WALroi r, SI A 
BOOK III Bj Rev. G n Nail, M A 
BOOK IV Bj BcV E D Sto r, M A 
BOOK V Bj Rcr 0 H Kmv.MA 
BOOK VI Lj Bcv G H Nall, W A 

EL LECTIONS I- ROM ROOK IV Willi rxcrcise* Rj Rov r D Stove, Sf A 
8FL1 CTIONS IROSI THL CYROPA DIA With Ercrcises By A H 
Coofe, V A 

TALES I ROM THE CV ROPJDIA With l xerclscs Bj C II Kepnf, Sf A 
SLLLCTIONS ILLUbT DATIVE OF GRLI K LirE By C H KrEM, SI A 

{In preparation 

The following contain Introductions ’lndNotc^btit no Vocabulary — 

CICERO — SELLCT LETTERS By Rev 0 E Jfans, Sr A 
HERODOTUS -SLr FCTIONS TROJI BOOKS VII and Vni THE EXPEDI 
TION OP XERXES By A II Cooke, M A 
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HORACE — SrLTCTIONS PROM THE SATIRES AND EPISTLES By Rev W 
J V Baker, M A 

SELECT FPODES AND ARS POETICA Bj H A Dalton M A. 

PLATO — DUTHIPHRO AND MENE\rN US By C E Graves, M A 
TERENCE —SCENES I ROM THEANDRIA By F W Cormsb, M A, Assistant 
Mister it Eton 

THE GREER ELEGIAC POETS -FROM CALLINUS TO CALLIMACHUS 
Selected by Rea HwmrT Ktnaston DD 
THUCYDIDES— BOOK IV Cns HI 1 HE CAPTURE OF SPHACTERIA By 
C E Graves, M A 


CLASSICAL. SERIES 
FOR COLLEGES AND SCHOOLS 

Tcap 8vo 

AESCHINES — IN OTESIPHONTA By Rev T Gwatkin, M A , and E 8 
SnccKBuRoir, M A 5s 

JESCHYLUS — PERSiE. Bv A 0 Prichard, M A, Follow and Tutor of New 
College, Oxford With Map 2s Cd 

SEVEN AGAINST THEBES SCHOOLEDITION By A W Yew all, LlttD 
and M A Bayfield, M A 2s Cd 
ANDOCIDES — DE MY8TERIIS Bj W J Hiceif M A 2s 6d 
ATTIC ORATORS —Selections from ANTIPHON, ANDOCIDES, LTSrAS,ISO 
CRATES, and ISAEGS By R C Jebd, LlttD , Regius Professor of Greek 
in tlio University of Cambridge 5s 

•OiESAR —THE GALLIC WAR. By Rev John Bond, M A , and Re\ A S 
Walpole, M A With Maps 4s Cd 

CATULLUS— SLLECrrOEMS By F P Simpson, B A Ss Cd The Text of this 
Ldition Is carefullj expurgated for School use 
•CICERO —THE CATILINE ORATIONS Bj A S Wilkins, Lltt D , Professor of 
Latin Owens College, Manchester 2s Gd 
PRO LEGE MAN ILIA By Prof A S Wilting, LittD 2s Cd 
THE SECOND PHILIPPIC ORATION By John E. B Mai or , M A , Professor 
of Latin in the University of Cambridge Si Gd 
PRO ROSCIO AMERINO ByE H Donkin, M A 2s 6d 
PRO P SESTIO Bj Rev H A Holden, LlttD Ss Cd 
PRO MILONE. By F H Colson, M A 2s Gd. 

PRO MURENA Bj J H TnEEsr, M A 
SELECT LETTERS By R Y Tyrrell, M A 4s 6d 
DEMOSTHENES — DE CORONA Bj B Drake, M A Tth Edition, rea Iscd bv 
t S SnucKBDitGB M A Ss Gd 

ADVERSUS LEPTINEM By Rea JR Kin o, M A, Fellow and Tutor of Oriel 
College, Oxford 2s 6d 

THE riRST PHILIPPIC By nov T Gwatkin, M A 2s Gd 
IN MID1AM Bv Prof A S Wilkins, LittD , and Herman Haofb, Fh D , the 
Owens College, Victoria Unncrslt), Manchester (I n preparation 

EURIPIDES — HIPPOLYTUS By Rev J P Maitatft, D D , and J B Bunv, 
M A, rollons of Trinity College, Dublin 2s Gd 
MFDLA By A H Yerrall, Litt D , Fellow of Trinity College, Cambridge 
2s Gd 

IPHIGENIA IN TAURIS By E B Tsoland, M A Ss 
ION Bv M A Bayfield, M A Headmaster of Christ College, Brecon 2s Gd 
BACCHAT1 B\ R Y Tyrrell, M A ,Regms Professor of Greek in the University 
of Dublin Ss Gd 

ALCFSTIS By M L Earie, Ph D Ss Gd 
HERODOTUS —BOOK III By G 0 Macaulay, M A 2s Gd 
BOOK V B\ J Sitachan, M A , Professor of Gn-ek, On cits College, Man 
Chester [In preparation 

BOOK VI By the same. 8s Gd 
BOOK VII By Mrs Montagu Butler Ss Cd 
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HOMES —ILIAD In 2 vols Edited by W Leaf, LittD , and Bev M A 
Bwheld, MA [vol I in the Press 

ILIAD BOOKS I , IX., XI . XVI -XXIV THE STORY OF ACHILLES By 
the late J H Fpatt, 31 A, and Y'alter Leaf, LittD , Fellows of Trinity 
College, Cambridge. Ss BOOK IX. separately 2s 
ODTSSEY BOOK IX By Prof Joirs E B Mayor. 2s 6d 
ODTSSEY BOOKS XXL-XXIV THE TRIUMPH OF ODYSSEUS By 8 
G Hamilton-, M A, Tellow of Hertford College, Oxford 2s Gd 
HORACE — *THE ODES By T E Page, M A., Assistant Master at the Charter 
house. 5s (BOOKS I II III and IV separately, 2s each ) 

THE SATIRES By Arthur Palmer, M A., Professor of Latin in the University 
of Dublin is 

THE EPISTLES AND ARS POETIOA. By Prof A. S Wilkins, LittD 6s. 
JUVENAL— ‘THIRTEEN SATIRES By E. G Hardy, M A. 5s The Text is 
carefully expurgated for School use. 

SELECT SATIRES. By Prof Jons E B Mayor. XIL-XVI 4s 6d 
LIVY —‘BOOKS II and IIL By Rev H M Stephenson, M A. 8a 6d 
•BOOKS XXI ana XXIL By Rev W W Cape3, SI A. With Slaps 4s Gd. 
•BOOKS XVIII and XXIV By 0 C Macaulai. M A. With Maps 8s 6d 
•THE LAST TWO KINGS OF SIACEDON EXTRACTS TROM THE FOURTH 
AND FIFTH DECADES OF LIVY By F H Rawlins, SI A., Assistant 
Ma ster a t Eton With Slaps 2s Cd 

LUCRETIUS —BOOKS I -III By J H Warburton Lee, M A , late Assistant 
Master at Rossall Ss 6d 

LYSIAS —SELECT ORATIONS By E S Shcckburgh, M A. 5s 
MARTIAL —SELECT EPIGRASIS By Re\ H SI Stephenson, Ar A. 5s 
•OVID — FASTI By G H Hallam, M A., Assistant Slaster at Harrow 3s Gd. 
‘HEROIDUM EPIETUL/E XIII By E S Shuckburgh, SI A. 8s 6d 
METASIORPHOSES BOOKS I -III By 0 Simmons, M A. [In preparation 
BOOKS XIII and XIV By the same 8s 6d 
PLATO —LACHES By M T Tatham, M A 2s 6d 
THE REPUBLIO BOOKS I -V By T H. Warren, SI A., President of 
Slagdalen College, Oxford 6s 

PLAUTUS —MILES GLORIOSUS By R Y T\ rrell, M A , Begins Professor of 
Grech in the Uniacraity of Dublin 2nd I'd , revised. Ss 6d. 

AMPHITRUO By Prof Arthur Palmer, M A. 8s Gd 
CAPTIVI By A. R. S Hallidie, M A. Ss 6d 
PUNY —LETTERS BOOKS I and II By J Cowan, M A., Assistant Slaster 
at the Manchester Grammar School Ss 

LETTERS BOOK IIL By Prof John E. B SIayob. With Life of Pliny by 
G H R END ALL, SI A. Ss <Sd 

PLUTARCH.— LIFE OF THES1ISTOKLES By Rev H A Holden, LittD Ss 6d 
LIVES OF GALBA AND OTHO By K G H uu>\, 31 A. 5s 
LIFE OF PERICLES By Ke\ H A Holden, I itt D [In the Press 

POLYBIUS —THE HISTORY Or THE ACBLEAN LF AGUE AS CONTAINED IN 
THE REMAIN8 OF POLYBIUS By Bev W W Capes, 31 A. 5s 
PROPERTIUS —SELECT POEMS By Prof J P Postgate, LittD 2nd Ed 5s 
SALLUST — ‘OATILINA and JUGURTHA. By 0 Merivale, D D , Dean of Ely 
8s 6d. Or separately, 2s each 
•BFLLUSr CATULINA By A. M Cook, M 4 2s Gd 
JUGURTHA. By the same. [In preparation 

TACITUS— THE ANNALS BOOKS I and II By J S Beid, LittD [In prep 
BOOK VI By A J Church, SI A , and W J Brodribr, M A. 2s 
THE HISTORIES BOOKS I and II By A D Godlft, SI A Ss 6d 
BOOKS III -V By the same Ss Gd 

AGRIOOLA and GERSIAMA By A. J Church, SI A , and W J Brodribb, 
SI A. 8s Gd. Or separately , 2s each 

AGRIOOLA AND GERMANIA (separately) By T J Havlbheid, MA, 
Student of Christ Church, Oxford [In # reparation 

TERENCE — HAUTON TISIORU3IENOS By B S Shucksuroh, 31 A 2s Cd 
V ith Translation Ss 6d 

PHORMIO By Rev John Bond ST A , and Rea A. S Walpole, SI A. 2s 6d 
ADELPHOI By Prof S G Aslmore 8s Gd 
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THUCYDIDES —BOOK I By Clfmevt Bryans, M A [In preparation 

BOOK II Bj E 0 Marcuant, M A, Fellow of St Peter’s Coll , Cam 3s 6d 
BOOK III By E 0 March ant, M A [In. preparation 

BOOK IV By 0 E Graves, M A , Classical Lecturer at St Jolm s College, 
Cambridge Ss Cd 

BOOK V By C E Graves, M A. 3s 6d 

BOOKS VI and VII By Rev Percival Frost, M A With Map 8s 6d 
BOOK VI Bj E 0 Marchant, M A. [In. preparation 

BOOK VII By E C Marcdant, M A 8s Gd 
BOOK VIII By Prof T G Tucker, I itt D Ss 6d 
TIBULLUS — SELECT POEMS By Prof J P Postqatf, Litt D {In preparation 
VIRGIL —BOOKS I -IV .ffiNFID By T S Paof, M A 
BOOKS II and III THE NARRATIVE OF 2ENEAS Bj E W Hon son, M A., 
Assistant Master at Harron 2s 

XENOPHON — < ’THE ANABASIS BOOKS I -IV By Profs W W Goodwin 
and J W White Adapted to Goodwin b Greek Grammar With Map 8s Cd 
BOOKS V VII By Rev G H Nall, M A [In preparation 

HELLEXICA BOOKS I and II ByH Hailstone, BA With Map 2s 6d 
BOOK III By H G D ucyns, M A. [In the Press 

BOOK IV By the same [In preparation 

OYROPA3DIA. BOOKS VII and VIII By A. Goodwin, M A. 2s 6d 
MEMORABILIA SOCRATIS By A. R Older, B A. 6h 
HIERO Bj Rev H A. Hoi den, LltLD 2s 6d 
OECONOMIOOB By the same. With Lexicon Ss 

CLASSICAL LIBRARY 

Texts, Edited with Introductions and Notes, for tho use of 
Advanced. Students , Commentaries and Translations 

JESOHYLBS —THE SUPPLICES A Revised Text, with Translation By T 
G Tucker, Litt D , Professor of Classical Philology m tho University of Mel 
bourne 8vo 10s fld 

THE SEVEN AGAINST THEBES With Translation By A. W Verrall, 
Litt D , Fellow of Trinity College, Cambridge 8io 7s 6d 
AGAMEMNON With Translation By A W Verrall, Litt D 8vo I2s 
THr CHOLPHORI With Translation Bj A W Veiirall, Litt D 8\o 12s 
AGAMEMNON, CHOEPHORI, AND EUMBNIDES By A O Prichard, 
MA Fellow and Tutor of Now College, Oxford 8vo [In preparation 

THE EUMENIDES With Verse Translation By B Drake, M A 8vo 6s 
A5SCH1LU8 Translated into English Prose by Prof T G Tooker. Cr 8vo 

[In preparation 

ANTONINUS, MARCUS AURELIUS —BOOK IV OF THE MEDITATIONS 
With Translation Bj Hastings Crosslet, M A Svo 6s 
ARISTOPHANES —THE BIRDS Translated into English Verse Bj B H 
Kennedy, D D Or 8vo 6s Help Notes to the Same, for tho Use of 
Stndcnts Is 6d 

SCHOLIA AUISTOPHAMOA , being such Comments adscript to tho text of 
Aristophanes as aro presen cd in the Codex Ravcnnas, arranged, emended, and 
translated By Rev W G Rutherford, 31 A , LL D 8io [In the Press 
ARISTOTLE —THE METAPHYSICS BOOK I Translated by a Cambridge 
Graduate. 8vo 6s 

THE POLITICS By R. D Hicks, M A, Fellow of Trinity College, Cambridge 
8\o [In the Press 

THE POLITICS Translated by Rev J E 0 Welldon, M A, Headmaster of 
Harrow Cr 8\o 10s Gd 

THE RHETORIC Translated by the same Cr Svo 7s 6d 
AN INTRODUCTION TO ARISTOTLE S RHETORIC With Anal j sis, Notes, 
and Appendices By E M Cope, Tellow and late Tutor of Trinity College, 
Cambridge 8\o 14s 

THE NICOMAOHEAN ETHICS Translated by Rev J E 0 Welldov, M A 
Or 8io 7s Gd 

THE SOPIIISTIOI ELENOHL With Translation. By E Poste, M A, Fellow 
of Oriel College, Oxford 8vo 8s Cd 
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ON THE CONSTITUTION OF ATHENS Bj J E Savdys, Lit* D Syo I5s 
ON THE CONSTITUTION OF ATHENS Translated bj E Posts, M A 2nd 
Ed Cr 8\o -3s 6d 

ON THE ART OF POETRY ALceture By A. 0 Prickard^M A Cr 8vo 8s 6d 
ATTIO ORATORS —FROM ANTIPHON TO ISAEOS By R C Jebb, Lttt D , 
Regius Professor of Greek in the University of Cambridge 2 yoIs 8vo 25s 
BABRIUS — ' With Lexicon By Rev W G Rutherford, M A., LL D , Head 
master of Westminster 8vo 12s Cd 

CATULLUS Bj Prof Arthur Palmer. [In preparation 

CICERO —THE ACADEMICA. By J S Reid, Litt.D , Fellow of Cams CoUege, 
Cambridge. 8vo 15s 

THE ACADEMICS Translated by the saipe Syo 5s 6d 
SELECT LET1ERS After the Edition of Albert Watson, M A. Translated 
by G E Jeans, M A., Fellow of Hertford College, Oxford Cr 8vo 10s 6d. 
EURIPIDES — MEDEA By A W Verrall, Lftt D 8vo 7s fid 
IPH1GENELA AT AULIS By E B England, Litt D Syo 7s 6d 
ALCEbTIS Translated by A S Way, M A Cr 8yo 1b 6d 
HECUBA Bj the same Cr Svo 1 b fid. 

MEDEA By the same Cr 8y o Is 6d 

Also \ol I, containing Alcestis, Hecuba, Medea, Hlppolytus, Ion, and Suppli 
ants Cr 8vo 6s net 

♦INTRODUCTION TO THE STUDY OF EURIPIDES By Professor J P 
SIahaffy Fcap 8 yo Is 6d (Classical ll'nters ) 

HERODOTUS —BOOKS I -III THE ANCIENT EMPIRES OF THE EAST 
By A H Sayce, Deputy Professor of Comparative Philology in the Uni\ ersity 
of Oxford. 8yo 16s 

BOOKS IV -IN. By R. W Macan, M A, Reader m Ancient History in the 
Unit ersity of Oxford Svo [In the Press 

THE HISTORY Translated by G C Macaulay, M A 2 vols Cr 8\o 18s 

HOMER— THE ILIAD By Walter Leaf, LittD 8\o Books I -All 14s 
Books AIll -XXIV 14s 

COMPANION TO THE ILIAD FOR ENGLISH READERS By the same 
Cr 8yo 7b 6d 

THE ILIAD Translated into English Prose by Andrew Lang, M A, Walter 
Leaf, LittD , and Ernest Myers, J1 A Cr Byo 12s 6d 
THE ODL&SEY Done into English by S H Botcher, M A, Professor of 
Greek in the UnRersity of Edinburgh and Andrew Land, M A Cr Svo 6s 

•INTRODUCTION TO THE STUD1 OF HOMER By the Right Hon W E 
Gladstone. Pott Syo Is (Literature Primers ) 

HOMERIC DICTIONARY Translated from the German of Dr G Autevrieth 
bj R. P Keep, Ph D Illustrated. Cr 8vo 6s 
HORA CE — Translated bj J Lonsdale, M A and S Lee, M A G1 8vo Ss fid 
JUVENAL —THIRTEEN SATIRES OF JUVENAL By John E B Mayor, M A , 
Prof, of Latin in the University or Cambridge Cr 8vo 2 yoIs 10s 6d each 
THIRTEEN SATIRES Translated bj Alex Leeper, M A, LL.D , Warden of 
Trraltj College, Melbourne Revised Ed Cr 8yo 8s fid 
KTESIAS —THE FRAGMENTS OF THE PERSIKA OF KTESIAS By Jons 
Gilmore MA 8yo 8s fid 

LIVY — BOOKS I -TV Translated by Rev H M Stephei son, M A [In prep 
BOOKS XXI -XXV Translated by A J Church, M A, and W J Brodribb, 
M A Cr Syo 7s. fid 

•INTRODUCTION TO THE STUDY OF LIVY By Re\ W W Capes, M A 
Fcap 8vo Is Od (Classical Writers ) 

LONGINUS —ON THE SUBLIME Translated bv H L. Hayell, B A With 
Introduction by Andrew Lang Cr 8vo 4s Od 
MARTIAL —BOOKS I and II OF THE EPIGRAMS By Prof John E B 
Mayor, M A 8y o [In the Press 

PAUSANIAS —DESCRIPTION OF GREECE Translated with Commentary by 
J G Frazer, SI A Fellou of Trinity College, Cambridge Svo [In the Pres* 
PHRYNICHUS -THE NEW PHRYNICHUS, being a Ret ised Text of the Eeloga 
of the Grammarian Phrynichns With Introduction and Commentarj by Rcy 
W G Rutherford, M A, LL.D , Headmaster of Westminster 8yo 18s 
PINDAR — THE EXTANT ODES Trans by Ernest Myers, M A Cr Svo 5s 
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THE OLYMPIAN AND PV1HIAN ODES Edited, -with an Introductory 
Essay by Basil Glldi nsi Eri f Professor of Greek in the Johns Hopkins 
Unticrslti, USA. Cr bio 7s Od 

1HE N LSI LAN ODES. By J B Both, 1IA, Tellow of Trinity College, 
Dublin Si o 12s 

Till ISTHMIAN ODES By the same Editor Sio 10s Cd 
PLATO — PUADO By R D Anonrn Hind, M A., Tellow of Trinity College, 
Cambridge 8vo Ss Cd 

FH ADO By Sir W D GraDra, LL D , Principal of the Unit erslty of Aberdeen 
S\o 8s 6d 

TIMAEUb YYItli Translation By R D Ajichfr Hi\n MA Bio 16s 

THE REPUHLIO OF PLATO Translated b\ J Ll. Dames, M A., and D J 
Vacuum-, M A Pott bio 2s Od net 

EUTHVPHRO, APOLOGV, CRIiO, AND PHADO Tnnslatcd by P J 
Cntincii Pott bio 2a od not 

PHADRUS, I ISIS, AND PROTAGORAS Tnmslatod by J Wrjoht MA. 
PotSio 2s Od net 

PLADTDS —THE MOSfLLLARl A By W illiam Ramsay MA Ed by G G 
Ramsay, M A Prolessor of Humanity, Dnh ersity of Glasgow Bio 14s 
PLINY — CORRrSPONDLNCE WITH TRAJAN 0 PllnU Carcllli Secundl 
rplntulse ad lrainnum Iinpcrutorcm cuin Elusdem Responsis By E G 
Hardy, M A Bio 10s. Cd 

POLYBIDS — THE HISTORIES Or POL1BIUS Translated by K 8 Bhuor 
nvnoti, M A. 2 lots Cr Sin 24s 

SALLDST — CATII IN T AN D JUGUR THA Translated by A. W Pollard B A 
Cr 8io Os TH1 CAT (LIN! (separately) 3s 
SOPHOCLES —OEDIPUS T HE KING Translated Into English Verse by E D A 
Mursiiead MA Assistant Master at Winchester leap Sio 3s Gd 
TAOTTUS —THE ANNALS By G O HoLnnooKr M A Professor of Latin In 
T rlnity College, Hnrtfiird, U S A With Maps 8io 10s 

TOE ANNALS Translated by A. J Ciicncn, M A., and W J Brodribb, M A. 
With Maps Cr 8io 7s Od 

TOE HlSlOltll'S. By Rei W A. SrooNER, M A., rellow and Tutor of New 
CnlltLi Oxlord 8io 16s 

THF HISTORV Translated bv A. J Cmmcn, M A , and W J Brodribb, 
M A. With Map Cr 8io 6s 

TOC AGRICOLA AND GERMANY, WITH TOE DIAIOGUD ON ORATORY 
Translated liy the same With Maps Cr 8i o 4s 6d 

‘INTRODUCTION TO THE STUDY OF TACITUS By A. J Chubcii, M A, 
and W I Bnonninn MA Fcap Svo Is Od (Classical ft nten ) 
THEOCRITUS BION AND MOSCHUS Translated by A. Lano M A l>ott 8vo 
Js Ml not Also an Edition on Large Paper Cr 8io 0s 
THUCYDIDES —BOOK IV A Reiision of the Text, Illustrating the Principal 
Causes of Corruption in tho Manuscripts of this Author By Res W G 
Rutherford, M A, LL D , Headmaster of Westminster Sio 7s 6d 

BOOK VIII By H 0 Goodhapt, M A, Professor of Latin Id tho Unis ersity 
of Edinburgh bso 0s 

VIRGIL —Translated by T LonSDArr, M A, and S Lee, M A Q1 Bio 3s 6d 

TUI- ANEW Translated by J w Mackail, M A, Fellow of Balllol College, 
Oxfnnl Cr $io 7s Cd 

XENOPHON —Translated by H G Dskyj-s, M A Infotirvols Cr 8vo Vol I 
“ The Anabasis and "Tho Hcllenica I and II 103 6d Vol II "Hellenics 
III -VII “Agesllaus,’ tho " Polities,' and "Rcicnues 10 s 6d 

[Pol III t» the Press 

GEAMMAR, COMPOSITION, & PHILOLOGY 

Latin. 

•BELCHER -SHORT EXrUCISES IN LATIN PROSE COMPOSITION AND 
FVAMlNAl ION PAPFRS IN LATIN GRAMMAR Parti By Rev H. 
Bn rnFR, LI D , Rector of the High School, Dunedin, N Z Pott Sio Is 6d 

KEV for Teachers only PottSio Ss Cd 

’Part II , On the Siutax of Sentences, with nn Appendix, including EXERCISES 
IN LATIN IDIOMS, etc. PottSio 2s KEY, for Teachers only TottSio Ss 



GRAMMAR, COMPOSITION, AND PHILOLOGY D 

•BRYANS —LATIN FUOS1 EXrRCISl S BASFD UPON O/TSAR S GALLIO 
W VI? With n Classification of Cesar s Chief Phrases and Gramnilic.il Notes 
on C-esars Usages. By Ctrsirvr Biivam, M A Assistant Master at Dulwich 
Colli'pC. Ft. fcap Svo 2s wl KI T, for Tnrhcrs only 4s Cd 
CORNELL UNIVERSITY STUDIES IN CLASSICAL PHILOLOGY Edited by 

I luioo.W G Halt, and U I ft m nut. I The LUM Constructions their 
History mil r mictions IK W G Hale. Parti Cutieal Is Sd net Part 
2. Constructive 8s 4d nit II Analog) and the Scopo of its Application 
In Lmgnsge Bv 11 I Wiiffi Fn Is Sd net 

•ENGLAND -LXERCISFS ON l ATIN SWIAX AND IDIOM ARRANGED 
WHO RBFFRFNCL TO ROB) S SCHOOL LATIN GRAMMAR By P 
B Evolano, Litt D Assist int Lecturer at the Owens College, Manchester 
Cr Sio 2s Pd RE), for Ti ichors only Os fid 
GILES —A SHORT MANUAL OF PHI1 OLOG) TOlt CLASSICAL STUDENTS 
Bi P Gilts, M A., Reader in Comparatit c Philology Id the Unheralty of Cam 
bridge. Cr 8vo [In the Press 

HADLEY— ESSAYS, rilllOLOGIOAL AND CRITICAL B, Jamfi Hadlfy, 
late Professor in Talc College. 8wi ins 
HODGSON -MYTHOLOGY FOR I ATIN VERSI! IC Ai ION Fables Tor render 
mg Into Latin Verse By 1 IIodosos, B D , late Provost of Lton New E(1 , 
mined by F C ITodosos, M A. Pott 8io 3s. 

LUPTON— *AN INTRODUCTION TO LATIN FItGIAO VLRSE COMPOSI 
TION By J U Liras Sur Mister of hi Paul a '-cliool G1 S\o 2s Cd 
RtY TO PART II (X\\ -L) for Teachers only G1 8io 3s (hi 

•AN INTRODUCTION TO LATIN LY RIO \I*RS1 COMPOSITION By tlio 
nine OI Svo Ss RLY , for Tcsrhers only G! 8io 4s Od 
•MACMILLAN —FIRST I ATIN GRAMMAR By M C SIacmillas, M A. 
heap Eva Is. fill 

MACMILLAN'S LATIN. COURSE Glol<o Sio 

•I IRsT PART By A M Cook, M A., Assistant Master at St Paul s School 
Ss AI 

•brCOND PART By A M Took, M A , and W F F Pavti* , M A. 4s 6d 
•MACMILLAN'S SHORTER LATIN COURSE 01 8s o 
1 liter PART RyA M Cook MA Is Od RTY , for Teachers only 4s fid 
bFCOND PART By A M Cook, MjL, and U I P Pantin, M A 
•MACMILLAN ‘S LATIN READER —A LATIN RFAIirU FOR THE LOWER 
FORMS IN SCHOOLS By II J Huidy, M A., Assistant Master at Win 
cheater GL 8m 2s 6d 

NALL— A LATIN F NOLIbll DICTIONARY By Rev G n Nali_ [Jn preparation 
NIXON —PARA LI 1 1 I A TRACTS, Arranged for Tnnnlntlon Into English and 
Latin, with Nous on Idioms By J L Nixo , M A., Fellow and Classical 
Lecture*, Rings College, Cambridge Part I —Historical and Epistolary 
Cr 8\o Ss. (si 

PROSE EXTRACTS, Arranged for Translation Into English rnd Latin, with 
General and Special Prefaces on Style and Idiom. By the same I Ontoncnl 

II IUetorical III IhHosophlcal IV Anecdotes and Letters 2nd Id, 
enlarged to 280 pp Cr St o 4s (hi SFLTCTI ION'S F ROM T HL S YME 2s CtL 

Translations of nliout 70 Frt'icts can tie stipphed to Schoolmasters (2s Cd ) 
on application to tho Author and about 40 slinllarh of “Parallel Lxtncts 
la. cil post free 

NIXON — SMITH — PARALLEL \ I Iter EXTRACTS TOR TRANSLATION 
INTO ENOIlbH AND LV1IN By J E Nixov, M A . end I H C burnt, 
M A Cr 8vo 5s Cd 

•PAHTIN —A FIRST LATIN \FRSL BOOR. By W T P Fasti ,MA Assist- 
ant Mister at St. Paul s School, G1 Sio Is Cd RLY, for Ttiehors only 
4s net. 

•PEILE -A PRIMER OF PHII OLOGY By 3 Pru E, LitLD , Master of Christ s 
College Cambridge Pott 8m Is 

•POSTGATE — SrRMO LATINUS A short Guido to Latin Piosc Composition 
By Prof J I> PosTOATr, Lltt D , I ellow of Trinity College, Cambridge GL 
8vo 2s Cd RJ T to “ Selected Passages * GI Svo 4s 6d not 
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POTTS — ■ ‘HINTS TOWARDS LATIN PROSE COMPOSITION By A. W Potts, 
II A., LL.D , late Fellow of St John s College Cambridge Ex. fcap Svo Ss 
•PASSACES FOR TRANSLATION INTO LATIN PROSE Edited with Notesand 
References to the abov e. Ex. fcap Sr o 2s 6d EDI, for Teachers only 2s 6d 
•PRESTON —ENERGISES IN LATIN VERSE OF VARIOUS -RINDS By Rev 
G Preston G1 Svo 2» Od. KEY for Teachers only G1 Svo 5s 
REID —A GRAMMAR OF TACITUS By J a Reid, Litt D , Fellow of Cains 
College, Cambridge (In preparation. 

A GRAMMAR Or MRGIL Bv tire same. [In preparation. 

ROBY — ft orks by H J Robv, M A., late Fellow of St John s College, Cambridge 
A GRA MM AR OF THE LATIN LANGUAGE from Plantus to Suetonius Part 
I Sounds, Inflexions. Word formation, Appendices. Or Svo 03 Fart II 
Syntax, Prepositions, etc. 10s 6d 
•SCHOOL LATIN GRAMMAR Cr Svo 5s. 

•ROBY— WILKINS AN ELEMENTARY LATIN GRAMMAR By H. J Roar, 
M A., and Prof A. S M 11 .KIN 3 LittD G1 8vo 2s 6d 
•RUST —FIRST STEPS TO LATIN PROSE COMPOSITION By Rev G Rust, 
MA. Pott Svo Is 6d KEY, for Teachers only By W M Yates. Tott8vo 
Ss 6d 

•SIMPSON —LATIN PROSE AFTER THE BEST AUTHORS Caaanan Prose. 

By F P Siupsok, B A. Ex. fcap 8vo 2s 6d KEY for Teachers only 5s 
SMITH.— THE THEORY OF CONDITIONAL SENTENCES IN LATIN AND 
GREEK B v R Horton Smith, Q C Svo (In the Press 

STRAOHAN —WILKINS —ANALECTA. Selected Passages for Translation. 
By J S Stracham, M A- Professor of Greek, and A S Wilkins, Lltt D 
Professor of Latin, Owens College, Manchester Cr 8vo 5s Also m two 
parts, 2s 6d each Indexes to Greek and Latin passages, 6d each 
THRING — A LATIN GRADUAL. By the Rev E Thhino, M.A., late Headmaster 
of Uppingham. A First Latin Construing Book Fcap Svo 2s 6d 
A MANUAL OF MOOD CONSTRUCTION’S Fcap Svo Is 6d - 
WELCH— DUFFIELD —‘LATIN ACCIDENCE AND EXERCISES ARRANGED 
TOR BEGINNERS By W Welch and 0 G Dot-field Pott8vo la 6d. 
•EXERCISES IN UNSEEN TRANSLATION IN LATIN By the same 
Pott Svo Is 6d 

WRIGHT —Works bv J Wright, M A., late Headmaster of Sntton Coldfield School 
A HELP TO LATIN GRAMMAR, or, the Form and Use of Words in Latin, 
with Progressive Exercises Cr Svo 4s 6d 
THE SEVEN KINGS OF ROSIE An Easy Narrative, abridged from the First 
Book of Livj bv the omission or Difficult Passages , being a hirst Latin Bead 
ing Book; with Grammatical Notes and Vocabulary Fcap Svo 3s 6d 
FIRST LATIN STEPS on, AN INTRODUCTION BY A SERIES OF 
EXAMPLES TO THE STUDY OF THE LATIN LANGUAGE Cr $vo 3s 
A COMPLETE LATIN COURSE, comprising Rules with Examples, Exercises, 
both Latin and English, on each Rule, and vocabularies, Cr Svo 2s 6d 

Greek. 

BLACKEB —GREEK AND ENGLISH DIALOGUES FOR USE IN SCHOOLS 
AND COLLEGES By Joni. Stuart Blackie, Emeritus Professor of Greek 
in the University of Edinburgh New Edition Fcap 8vo 2s 6d 
A GREEK PRIMER, COLLOQUIAL AND CONSTRUCTIVE Cr Svo 2s 6d 
BRYANS — GREEK PROSE EXERCISES based upon Thucvdides By C 
Brvavs, M A. [In preparation 

GILE S —S ee under Latin 

GOODWIN —Works by W W Goodwix, LL D , D C L , Professor of Greek in 
Harvard University 

SYNTAX OF THE MOODS AND TENSES OF THE GREEK VERB New 
Ed , revised and enlarged 8 ver 14s 
‘A GREEK GRAMMAR. Cr 8vo 6s 

•A GREEK GRAMMAR FOR SCHOOLS New Edition Cr 8vo 8a. fid 
HAD LEY — Set under Latin 

HADLEY— ALLEN —A GRFEK GRAMMAR FOR SCHOOLS AND COLLEGES 
By James Hadlev , late Professor in Y ale College Revised bj I de F Amu., 
Professor in Harvard College Cr Svo 6s 
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•JACKSON — FIRST STEPS TO GREEK PROSE COMPOSITION By Blomfield 
Jackson, M A. Pott8vo Is fid KE1 , for Teachers only Pott 8\o Ss 6d. 
•SECOND STEPS TO GREEK PROSE COMPOSITION, with Examination 
Papers Bjthesame Pott 8vo 2s 6d KE\, for Teachers only Pott8vo 3s fid 
JANNARIS —HISTORICAL GRAMMAR OP THE GREEK LANGUAGE By 
Prof A N Jannaris 8vo [In preparation 

KYNASTON —EXERCISES IN THE COMPOSITION OF GREEK IAMBIC 
VERSE. By Ro\ H Kynastos, D D , Professor of Classics in the University 
of Durham With Vocabulary Lx. fcap Svo 6s KE1 , for Teachers only 
Ex. fcap 8vo 4s 6d 

MACKIE — PARALLEL PASSAGES FOR TRANSLATION INTO GREEK 
AND ENGLISH With Indexes By Ret E C MackIE, MA, Classical 
Master at Heversham Grammar ScliooL G1 8vo 4s fid 
MACMILLAN’S GREEK COURSE —Edited by Ret IV G Rutherford, M A, 
LL.D Headmaster of Westminster G1 8vo 
•FIRST GREEK GRAMMAR— ACCIDENCE By the Editor 2s 
•FIRST GREEK GRAMMAR— SYNTAX. By the same 2s 
ACCIDENCE AND SINTAX In one tolume 3s fid 
•KASI EXERCISES IN GREEK ACCIDENCE By H. G Underhill, M A, 
Assistant Master at St Paul s Preparatory School 2s 
•A SECOND GREEK EXERCISE BOOK. By Rev W A Heard, M A, 
Headmaster of Fcttes College, Edinburgh 2s 6d 
•EASY EXERCISES IN GREEK SXN1AX By Rev G H Nall, MA, 
Assistant Jfastcr at Westminster School 2s fid 
MANUAL OF GREEK ACCIDENCE Bj the Editor [In preparation 

MANUAL Or GREEK SYNTAX. By the Editor [-In preparation 

ELEMENTARY GREEK COMPOSITION By the Editor [In preparation 
•MACMILLAN'S GREEK READER —STORIES AND LEGENDS A First Greek 
Reader, with Notes Vocabulary, and Exercises By F H Colson, M A, 
Headmaster of Plymouth College G1 8vo 8s 
•MARSHALL —A TABLE OF IRREGULAR GREEK VERBS, classified according 
to the arrangement of Curtius s Greek Grammar By J M Marshall, M A , 
Headmaster of the Grammar School, Durham 8vo Is 
MAYOR —FIRST GREEK READER By Prof John E B Mayor, M A, Fellow 
of St John’s College Cambridge Fcap 8vo 4s fid 
•MAYOR— GREEK I OR BEGINNERS By Rev J B Mayor, MA, late 
Professor of Classical Literature in King s College, London Part I , with 
Vocabulary, Is fid Parts II and III , with Vocabulary and Index. Fcap 
8yo 8s fid Complete In one Vol 4s fid 
NALL— A GREEK ENGLISH DICTIONARY By Rev G H Nall. 

[/n preparation 

PEILE — See under Latin 

RUTHERFORD —THE NEW PHRYNICHUS, being a Revised Text of tlioEcloga 
of the Grammarian Plirynlclins With Introduction and Commentary By the 
Rev W G Rutherford M A , LL D , Headmaster of Westminster 8vo 18s 
STR AOHAN— WILKINS —See under Latin 

WHITE —FIRST LESSONS IN GREEK. Adapted to Goomvn. s Greek Gram- 
mar, and designed as an introduction to the Anabasis of Xenophon By 
John Williams Whitf, Assistant Professor of Greek in Harvard Unlvorsity, 
USA Cr Svo Ss fid 

WRIGHT —ATTIC PRIMER Arranged for the Use of Beginners By J Wright, 
MA Ex. fcap Svo 2s 6d 

ANTIQUITIES, ANCIENT HISTORY - , AND 
PHILOSOPHY - 

ARNOLD —A HISTORY OF THE EARLY ROMAN EMPIRE By W T Arnold, 
MA Cr 8vo [In preparation 

ARNOLD —THE SECOND PUNIO WAR Being Chapters from THE HISTORY 
OF ROME by the lato Tiiouas Arnold, D D , Headmaster of Rugby 
Edited, with Notes, by W T Arnold, M A With 8 Maps Cr 8vo 6s 
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•BEESLY —STORIES prom THE HISTORY 01 ROME By Mrs Beesly 
Fean Si o 2s 6d 

BLACKIE — HORiE HELLENICS By Jobn SruxiiT BLACKir, Emeritus Pro 
feasor of Greek m the University of Edinburgh 8\o 12s 

BORN— ROMAN LITERATURE IN RELATION TO ROMAN ART By Rev 
Robert Burn, Al A , late Fellow of Trinity College, Cambridge Illustrated 
Ex. er 8io 14s 

BURY —A HISTORY OF THE LATER ROMAN EMPIRE FROM ARCADIUS 
TO IRENE, a D 895 S00 By J B Bury, M A., Icllow of Tnmty College, 
Dublin 2 vols 8vo 82s 

A SCHOOL H1STOR1 OT GRFECF By the same Or 8io fin preparation 
BUTCHER — bOMfc, ASPECTS Or THE GREEK. GENIUS ByS H BtrrcnER, 
MA Professor of Grech, Edinburgh 2nd Ed revised Cr 8vo 7s.net 
'CLASSICAL WRITERS —Edited bj John Richard Green, M A , LL D Fcap 
8vo Is Gd each 

SOPHOCLE8 By Prof Le« is Campbell, M A. 

EURIPIDES Ty Prof JIahajty, D D 
DEMOSTHENES By Prof 8 H Butcher, M A 
VIRGIL By Prof Nftti.eship M A. 

LIVY By Rei W Vi Capes M A. 

TACITUS By A. J Church, M A , and W J Bhodribb, M A 
MILTON Bv Rev StopYORd A. Brookf M A 
DYER —STUDIES OF THE GODS IN GRFECE AT CERTAIN SANCTUARIES 
Rl'CENTLl EXCAVATED B> Louis D\er,B A Ex Cr Svo 8s 6d net. 
EVANS —CHAPTERS ON GREEK DRrSS By M M Evans 8vo 5s net 
FOWLER —THE CIT 1 -STATE OF THE GREEKS AND ROMANS By W 
Marde Towlfr, M A Cr 8vo 5s 

FREEMAN — H ISTORICAL ESSA1 S By the late Edward A. Freeman, D 0 L , 
LL D Second Series (Greek and Roman History ] Svo 10s Gd 
HISTOR1 OF THE FEDERAL GOVERNMENT IN GREECE AND ITALY 
With a General Introduction New Edition Ed byj B Bury , M A. Ex 
Cr 8 yo 12s Gd 

GARDNER —SAMOS AND SAMIAN COINS An Essav By Percy Gardner, 
Litt.D , Professor of ArClueology In the University of Oxford Svo 7s Gd 
GEDDES —THE PROBLEM OF THE HOMERIC POEMS By Sir W D 
Geddps Principal of tho University of Aberdeen 8vo 14s 
GLADSTONE —Works by tbe Bt. Hnn W E Gladstone, M P 
THE TIME AND PLACE OF HOMER Cr 8vo 6s Gd 
LANDMARKS Or HOMERIC STUDY Cr Svo 2s Gd 
*A PRIMER OF HOMER Pott 8\ o Is 

GOW— A COMPANION TO SCHOOL CLASSICS By James Govy, LlttD, 
Head Master of the High School Nottingham. Illustrated Cr Svo Gs 
HARRISON— VERRALL —MYTHOLOGY. AND MONUMENTS OF ANCIENT 
ATHENS Translation of a portion of the “Attica of Pansamaa By 
Maroahet de G \ err ail. With Introductory Essay and Archaeological 
Commentary by Jane B Hartison Illustrated Cr Svo I6s 
HOLM — HI8TORT OF GREECE By Professor A Holm Authorised transin 
tlou. 4 vols Extra Crown 8a o [FW I in the Press 

JEBB —Works by B 0 Jebb, Lltt D , Professor of Greek m the University ot 
Cambridge IRvo 26a 

THE ATTIC ORATORS FROM ANTIPHON TO ISAEUS 2 vols 2nd Ed 
*A PRIMER OF GREEK LITERATURE Pott 8vo Is 
GROWTH AND INFLUENCE OF GREFK POETRY Cr Svo 7a net 
KIEPERT —MANUAL OF ANCIENT GEOGRAPHY By Dr H Kiepert 
Cr 8vo 6s 

LANCIANI —ANCIENT ROME IN THE LIGHT OF RECENT DISCOVERIES 
Bv Rodolyo Lanciavi, Professor or Archeology In the University of Rome 
Dlustrated 4to 24a 

PAGAN AND CHRISTIAN ROME By the same Illustrated 4to 21s 
LEAF —COMPANION TO THE ILIAD FOB ENGLIBH READERS By 
Wai tpr Leaf, Lltt D Cr Svo 7s 6d 

BIAKAFFY —Works by J P Mahaety, D D , Fellow of Tnmty College, Dublin, 
and Professor of Anciont History In tho Cnlv erslly of Dublin 
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SOOIAL LITE IN GREECE , from Homer to Menander Cr 8vo Os 

GREEK LIFE AND THOUGHT, from tlio Age of Alexander to the Roman 
Conquest Cr 8vo 12s Od 

THE GREEK WORLD U\P1 R ROMAN SWAY Irotn Plutarch to Polybius. 
Cr 8s o 10s Od 

PROBLT MS I\ GUrrK HISTORY Cr Svo 7a Od 

RAMBUS AND STUDIES I - GRE1CL 4 th Ed Illust Cr 8vo 10s 6d 

A HISTORY OF CLASSICAL GREEK LITERATURE Cr 8vo Vol I 
The Toes Parti Epic and Lyric Part II Dramatic Vol. II Prose Writers 
Parti Herodotus to Plata Part II Isocrates to Aristotle Is 6d each Part. 

•A PRIMER 01 OREFK ANTIQUITIES With Illustrations Pott Svo Is 
MAYOR —BIBLIOGRAPHICAL CLUE TO LATIN LIU RAYURE Edited 
after HBbver. By Prof Jons L B Mavon. Cr Svo 10s 6d 
NEWTON —ESSAY S ON ART AN D ARCHAEOLOGY By Sir Ohahles Newtos, 
KCB.DCL Svo 12s fd 

PATER.— PIsATO AND PLATONISM By Walttp Patee, JI A , Fellow of 
Bras"nose College, Oxford Ex Cr Svo 8s 61 
PHILOLOGY -THL TOURNAL OF PHILOLOGY Edited by W A Wiuoirr, 
M 1,1 Bvvvattr, M A , and II Jackrov LlttD 4s Gd each (half yearly) 
SCHMIDT— WHITE AN INTRODUCTION TO THE RHYTHMIC AND 
MITUIO OF THE CLASSICAL LANGUAGES By Dr J H H ScnurDT 
Translated by Toiiv Wim iamb White PhD Svo 10s Cd 
SCEREIBER — ANDEPSON —ATLAS 01 CLASSICAL APCHAEOI OGY By 
Tn Sciinriurm, with Pn llsh Text bv Prof WOP Amjfmon Un the Prat 
SOHUOHHARDT— 1JR 8GULIEMAW S EVCAY ATIONS AT TROY, TIRYNS, 
ilYCLN P, ORCHO’IENOS, ITITACA, presented In tlic light of recent Know 
ledge By Dr Catt. SniuriinAnuT Translati d by Euoe ie Seller* Intro 
ductinn In Walter Lrv”, Lltt-D Illustrated Svo ISs net. 
SHUCKBUFGH— A hCHOOL HISTORY Or ROME. By L S SntCKBinion, 
M A Cr Svo 8s Cd 

SMITH -A HANDBOOK ON GREriv PAINTING By Cecil Smith \Inprcp 
•STEWART —THE TALE OF TROY Done Into Lnglish by Avnnrv ^tfvvart 
G1 Svo 3s Cd 

•TOZFR -A PRIMIR or CLASSICAL GEOGRAPHY By H T Tozeb, M A 
Pott 8vo Is. 

WILKINS— 'A PRIMLR OF ROMAN ANTIQUITIES By Prof Wilkkto, 
LlttD LL.D III Pott Svo Is 

•A PRIMP R OI ROMAN LITTRYTURE By tlio samo Tott 8vo Is 
WILKINS — ARNOLD —A MANUAL OF ROMAN ANTIQUITIES By 
Prof A S Wiekivs, LItt D , and W T Arnold, M A Cr Svo [fir prep 

MODERN LANGUAGES AND 
LITERATURE. 

rngllsb , Frcnob , Gorman , Modem Greek , Italian , Spanish 
ENGLISH 

•ABBOTT — A SHAKESPEARIAN GRAMMAR An Attempt to Illustrate some 
of the Differences betvrom Elizabethan and Modem English By tlio Rov E 
A Annorr D D G1 Svo Cs 

'ADDISON — feEI ICTIONS I ROM “TnE SPrCTATOR With Introduction 
and Notes, by Iv Deiouton 01 8vo 2s Od 
•BACON — LSSAYS With Introduction and Notes, by F G Selby, M A., Prlnd 
pal and Profissor of Logic and Moral Philosophy, Dcccan College, Poona 
01 Svo 8s. sered, 2s Cd 

•THE ADVANCEMENT Or LI ARNING By the samo G! Svo Book I 2s 
Bool II 8s 6d 

BATES — ANOUTLLNE OF TnE DEVI LOFMENT OF THE EARLY ENGLISH 
DRAMA By K L Batts Cs Cd net 

BROOKE —EARLY ENGLISH LITFRATURE By Roy STOrronn A. BrooKr, 
Mi. 2 vols Svo 20s not 
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BROWNING —A PRIMER ON BROWNING By F M Wilson GI 8vo 2a 6d 
•BURKE —REFLECTIONS ON THE l RENOH REVOLUTION With Intro 
duction and Notes, b) P 0 Selby, M A. Gl 8ro Ss 
SPEECH ON CONCILIATION WITH AMERICA, ON AMERICAN TAXATION , 
LETTER TO THE SHERIFF OF BRISTOL By the same [to the Press 
BUTLER — HUDIBRAS With Introduction and Notes, hy Alfred Milnk, 
M A Ex. fcap 8* o Part I Ss 6d Parts II and in 4s 6d 


CAMPBELL —SELECTIONS With Introduction and Notes, bj CeoilM Barrow, 
M A, Principal of Victoria College, Palgbftt GI 8io [In preparation 

OHAUOER— A PRIMER OF CHAUCER By AW Pollard, M A Pott8vo Is 
COLLINS —THE STUDY Or ENGLISH LITERATURE A Pica for itsRccognition 
at tlio Universities By J CnuitTON Collins, M A Cr 8vo 4s 6d 
COWPER —•THE TASK an Fpistle to Joseph Hill, Esq Tirocinium, or a Re 
view of the Schools and The Histori of John Gilpin Edited, with Notes, 
by W Benblam, B D Gl 8vo Is 

THE TASK. BOOK IV With Introduction and Notes, by W T Webb, M A 
Gl 8\o Sewed, Is 

LETTERS Selected by W T Webb, M A [to the Press 

ORAIK.— ENGLISH PROSE SELECTIONS With Critical Introductions by 
i arlous writers, and General Introductions to each Poriod Edited by Henry 
Craik, C B , LL D In 6 vols Cr 8\o Vol L 14th to 16th Contury 7b Cd 
Vol II 16th Century to Restoration 7s Cd 
•DRYDEN —SELECT PROSP WORKS Edited, with Introduction and Notes, by 
Frot C D Yonoe Fcap Svo 2s 6d 

•SELECT SATIRES 111111 Introduction and Notes, by J Ghubtoi. Collins, 
M A Gl 8\o Is fid 

•GLOBE READERS Edited by A F Murison Hlustratcd Gl 8 yo 

Primer I (48 pp ) 8d Primer II (48 pp ) 8d Book I (182 pp ) 8d 

Book II (186 pp) lOd Book III (232 pp) Is 8d Book IV (828 pp) 
1 b fid Book v (403 pp) 2s Book VI (486 pp) 2s 6d 
•THE SHORTER GLOBE READERS —Illustrated Gl 8vo 

Primer I (48 pp ) 3d Primer II (48 pp ) Sd. Book I (182 pp ) -8d 

Book II (ISO pp) lOd Book HI (178 pp) Is Book XV (182 pp) 
la Book V (211) pp ) Is 8d Book VI (228 pp ) Is Cd 
•GOLDSMITH —THE TRAVELLER, or a Prospect of Society , and The Deserted 
Village. With Notes, b} J W Hales, II A Cr 8*o 6d 
•THE TRAVELLER AND THE DESERTED VILLAGE With Introduction and 
Notes, by A BarretT, BA Gl 8vo Is Od Separately, Is. each, sewed 
•THE VIOAR OF WAKEFIELD With b Memoir of Goldsmith, by Prof 
Masson Gl 8*o Is 

SELECT ESSA1S With Introduction nnd Notes, by Prof 0 D Yonoe. 
Fcap Svo 2s 6d 

•GOW —A METHOD OF ENGLISH, for Secondary Schools Part I By James 
G ow, Lift D Gl 8* o 2s 

•GOYEN —PRINCIPLES OF ENGLISH COMPOSITION THROUGH ANALYSIS 
AND SYNTHESIS By P Goyen, Inspector of Schools, Now Zealand Gl 
8*o 2s KEY 4s net. 

•GRAY— POEMS With Introduction nnd Notes, by John Bradshaw , LLD 
Gl 8\o Is Od 

•HALES —Works by J W Hales, M A , Professor of English Literature at King’s 
College, London 

LONGER ENGLISH POEMS With Notes Philological and Explanatory, and 
an Introduction on the Teaching of English Ex fcap 8\o 4s 6d 

SHORTER ENGLISH POEMS Ex fcap 8\o fin preparation. 


•HELPS —ESSAYS WRITTEN IN THE INTERVALS OF BUSINESS With 
Introduction and Notes, by r J Rowe, M A , and W T Webb, M A 
Gl Svo Is Od 

•JOHNSON —LIVES OF THE POETS The Six Chief I Ives (Milton, Drydcn, 
Swift, Addison, Pope, Gray), with Macaulays "Life of Johnson With Pre- 
face and Notes by Matthew Arnold Cr 8vo 4s 6d 
•LIFE OF MILTON With Introduction and Notes, by K. Deiqhton 
Globe 8ro la Od 
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KELLNER — HISTORICAL OUTLINES OP ENGLISH SYNTAX By L 
Kellner, Ph D G1 Svo Os 

'KINGSLEY — WESTWARD HO t Bj Charles Kingsley Abridged Edition for 
Schools. GL 8 yo Is Gd 

•HEREWARD THE WAKE By the same G1 8ro Is 6d 
T.ATirn — TALES FROM SHAKESPEARE With Introduction and Notes by 
Rev A- Aivgee, LL D , Canon of Bristol. Pott 8vo 2» Cd. net 
•LITERATURE PRIMERS — Edited by J B Green LL.D Pott Svo la each 
ENGLISH GRAMMAR By Rev R Morris, LL.D 

ENGLISH GRAMMAR EXERCISES By R. Morris, LL D , and H. C 
Bowen M A 

EXERCISES ON MORRIS S PRIMER OF ENGLISH GRAMMAR. By J 
Wetherell, M A 

ENGLISH COMPOSITION By Professor John Nichol. 

QUESTIONS AND EXERCISES ON ENGLISH COMPOSITION By Prot 
Nichol and Prof W S M'Cormick. 

ENGLISH LITERATURE By Stopford Brooke, M A. 

8HAKSPERE By Professor Dowde\ 

CHAUCER. ByA.W Pollard, M A. [In preparation 

SPENSER Bv Prof J W Hales. 

THE CHILDRENS TREASURY OF LYRICAL POETRY Selected and 
arranged with Notes by Francis Turnep Palo rave. In Two Parts Is each. 
PHILOLOGY By J Peile, LittD 
ROMAN LITERATURE By Prof A. S Wilkins, LitLD 
GREEK LITERATURE Bv Prof Jerb, Litt D 
HOMER BvtheRt Hon W E Gladstone, M P 
A HISTORY OP ENGLISH LITERATURE IN POUR VOLUMES Cr 8vo 
EARLY ENGLISH LITERATURE By Stopford Brooke, M A [In preparation 
ELIZABETHAN LITERATURE (1500-1665 ) By Gi-ohge Saintsburv 7b 6d 
EIGHTEENTH CENTURY LITERATURE (1660-17S0 ) Bj Edmund Gosse, 
M A. 7s Gd 

THE MODERN PERIOD By Prof Don den [In preparation. 

LITTLEDALE —ESSAYS ON TENNYSON S IDYLLS OF THE KING By H 
Littledalf, M A., Vice Principal and Professor of English Literature, Baroda 
College Cr 8vo 4s 6d 

MACAULAY — 'ESSAY ON LORD CLIVE With Introduction and Notes hy 
K. Deighton GL 8vo 2s 

ESSAY ON WARREN HASTINGS By the samo GI 8vo 2s 6d 
ESSAY ON ADDISON By Prof J W Hales, M A. Gl 8vo [In the Press 
MACLEAN -OLD AND MIDDLE EN GLISH READER With Notes and Voca 
biliary by Prof G E Maclean Cr Svo Ss net 
•MACMILLAN'S HISTORY READERS [See History, p 43 ) 

•MACMILLAN'S READING BOOKS 

PRIMER. 18mo (48 pp ) 2d. BOOK I (96 pp ) 4d BOOK II (144 pp) 
5d BOOK III (160 pp) 6d BOOK IY (170 pp) 8d BOOK V (380 
pp ) Is. BOOK VI Cr 8vo (430 pp ) 2s 
Booh VI is fitted for Higher Classes, and ns an Introduction to English Literature. 
•MACMILLAN’S RECITATION CARDS Selections from Tennyson, Kinosley, 
Matthew Arnold, Christina Rossetti, Doyle. Annotated. Cr 8vo 
Nos I to IS, Id each , Nos ig to 42, 2d each 
•MACMILLAN’S COPY BOOKS — 1 Large Post 4to Price 4d each. 2 Post 
Oblong. Price 2d each 

Nos 3, 4, 5, 6, 7, 8, 9 may he had vnOi Goodman s Patent Sliding Copies Large 
Post 4to Price Od each. 

MARTIN — *THE POET’S HOUR Poetry selected for Children. By Frances 
Martin ISmo 2s Gd, 

•SPRING TIME WITH THE POETS By the same Pott Svo 3s. 6d 
•MILTON —PARADISE LOST Books I and II With Introduction and 
Notes, by Michael Macmillan, B A , Professor of English Literature 
Elphmstone College, Bombay GL Svo Is «d Or separately. Is Sd , sewed, 
Is each.- 
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♦L’ALLEGRO, 1L PENSEROSO, LYCIDAS, AP CASES, 8 ON NETS, Ac. With 
Introduction anil Notes, by M Bfll, M A, Professor of Philosophy trail 
logic, Gos eminent College, Lahore G1 8vo Is Pd 
•COMUS 13} the snme GI 8\o Is 8d 

•SAMSON AGON1S1 ES Bv 0 M PrrciVAL, M A, Professor of English Liters 
turc Prcsldmcj College Calcntta. Gl 8\o 2s 
•INTRODUCTION’ 10 THE STUDY OF MILTON By STOProRn Brooke, 
MA Fcap Svo Is Cd. (Classical Writers) 

MORRIS —Works by the Ret R Morris, LL D 
•A PRIMER OF hNGl 18EI GRAMMAR rott8so Is 
•ELEMENTARY LESSONS IN HISTORICAL ENGLISH GRAMMAR, con 
tabling Accidence and Word rormktion. Pott8\o 2s 6d 
•HISTORICAL OUTLINES OF ENGLISH ACCIDENCE, with Chapters on the 
Development of the Language, and on Word Formation Gl 8vo 6s 
NIOHOL — M'CORMIOK. — A SHORT HISTORY OF ENGLISH LITERATURE 
By Prof John Nichol and Prof W S M’Cormick [In preparation 

OLIPHANT —THE LITERARY HISTORY OF ENGLAND, 1700-1825 By 
Mrs OuriiANT 8vols 8vo 21s 

•OLIPHANT —THE OLD AND MIDDLE ENGLISH By T L Kington 
Olipiiavt 2nd Ed Gl Sso Ss 
THr NEW ENGLISH By the samo 2 vols Cr 8ro 21 b 
PALGRAVE —THE GOLDEN TREASURY OF SONGS AND LYRICS Selected 
by T T Pa loras r- Pott 8s o 2s Cd net. 

•THE CHILDRENS TREASURY OF LYRICAL POE1RY Selected by Hie 
same Pott 8s o 2s Gd not Also in Two Parts Is each 
PATMOPE— THE CHILDRENS GARLAND FROM THE BEST POEia 
Selected by Cos entrv Patmore. PottSso 2s Cd net 
•RANSOMS —SHORT STUDIES OF SHAKESPEARE S PLOTS By CvniL 
Ransome, M A, Professor of Modern nistory and Literature, Yorkshire College. 
Leeds Cr 8s o 8s Od Also HAMLET, MACBETH, THE TEMPFST, Dd 
ench, sowed 

•FYLAND —CHRONOLOGICAL OUTLINES OF ENGLISH LITERATURE 
By F Rtland, M A Cr 8sro Os 

SCOTT —‘LAY OF THE LAST MINS1REL, and THE LADY OF THE T.akw 
E dited by Fravcis Iurvtr Palorase. Gl 8s o Is 
•THE LAY OF THr LAST MINSTREL. With Introduction and Notes, by G H 
Stuart, M A, Principal of Kumbai onam College, and E H Fii iot, B A 
Gl 8so 2s Cantol Od Cantos I toIII and IV toM Seised, la each 
•MARMION, and THE LORD OF THE ISLES By F T Palorase. Gl Sso Is 
•MARMION With Introduction and Notes, by Michaei Macmillan, B A 
Gl 8s o 83 seised, 2s Cd 

•THE LADY OF THE LAKE By G H Stuart, M A Gl Sso 2s Od 
sewed, 2s Canto I , 9d 

•ROKEBY With Introduction and Notes, by Michael Macmillan, B A 
GI 8' o 8s seised, 2s Cd. 

SHAKESPEAPE —•A SHAKESPEARIAN GRAMMAR. (See Abbott ) 

•A PRIMER Or 8IIAKLSPERE By Piof Dos den PottSso Is 
•SHORT STUDIES OF SHAKESPEARE S PL01S (See Ransomf.) 

•THE TEMPEST With Introduction and Notes, by K Deicbton GI 8so Is Bd 

♦MUCH ADO ABOUT NOTHING By the same. 2s 

•A MIDSUMMER NIGHTS DREA3I By the snme Is 0A 

•THE MERCHANT OF VENICE By the same Is Od 

♦AS YOU LIKE IT Bv the samo Is Od 

•TWELFTH NIGHT 15} the same Is Od 

•THF \Y INTI R S TALE By the s-me 2s 

•KING JOHN B} the same Is Od 

•RICHARD II Bs the same Is Od 

•HPNRY IV —PART I B} the same. 2s 6d , sowed, 2s 

•HENRY IV — PART II B} the same 2s Cd , sewed, 2s. 

•HENRY V Bj the same Is Qd 

•RICHARD III By 0 II Tasvj.es, M A 2s Cd , seised, 2s 
•CORIOLANUS By K Deiohton 2s Cd , sewed, 2s 
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•ROMEO AND JOtiTLT Bj tho same. 2? Cd , sowed, 2s 
•JULIUS OAS AR Bj tlic wrap Is Od 
•MACBET1L By the same Is Od 
•HAMIET Bj the same. 2s 6d , sowed, 2s 
•KINO LEAR By the same Is Od. 

•OTHELI 0 By the same. 2s 

•ANTON \ AND CLEOPATRA. B> tlio same 2s 6d sowed, 2s 
♦Cl MBI LINE Bj the same. 2s Od , sewed, 2s 

•SONNENbGHEIN-MEIKLEJOHN — THE ENGLISH METHOD OTTl ACHING 
TOKFAD lit A. Sonmv>cueiv and J M D Meiklejoiin, M A. heap 8\o 
THE NURaFRA BOOK, containing all the Two letter Words in tho Lnn 
guage Id (Also In Large Tj pe on Sheets for School Walls 5s ) 

TUI MRSTCOURM consisting of Short Vowels with Singto Consonants Td 
THr SECOND COURS1 .with Combinations and Bridges, consisting of Short 
lowels with Doublo Consonants Td 

THE THIRD AND FOURTH COURSFS, consisting or Long Vowels, and all 
tho Double A ow els In the Language 7d 

•SOUTHEY— Lib E OF M LSON Willi Introduction and Notes, by Michael 
Macmillan, BA G1 Svo $i sowed, 2s Od 
'SPENSER —TUI- FAIR IE QUEFM Bool I With Introduction nnd Notes, 

by O M Pem-pal Mi 01 B\o Ss sowed, 2a Od 
PRlMFH Ob 8PFNNI R Bj Prof J W Hales [/n preparation 

TAYLOR— WORDS AND El ACLS or, Etymological Illustrations of History 
bthnology, and Geography By Rev Isaac Tavloh Litt.ll G1 8vo 6s 
TENNYSON —TOP COLLECTED WORKS In 4 Parts Cr 8a o 2s Od each 
•TENMSON FOR TUL AOUNG Edited bv the Hcv Airnrn Aisoer, LL.D , 
Canon of Bristol Pott 8io lr not. 

•SEIECTIONS FROM TE » NASON With Introduction and Notes, bv P J 
Rowe, M A, and W T Wcnn, M A Now Ed , enlarged. GL 8vo 8s 6d 
or in two parts. Part 1 2s Od Part II 2* GO. 

•1 NOCH AHDLN By W T Wrnn, M A G1 8vo 2s od 
•ATLMPRS I II LI) B\ W T Winn, M A G1 8vo 2s <il 
•THF PRINCESS AMLDIFY By P M W ai lace, M A G1 8ao 8s Od 
•Till- COMING OF ARTHUR, and Tnr PASSING OF ARTJIUR. By T J 
Rowe, M A G1 8w 2-s 0<1 

•GARFTH AND LI NFTT1 Bv G C Mai act ay, M A Glol>e Svo 2s 6d 
•GFRAINT AND FMD, and THF MARRIAGE Ob GERAINT By G C 
Macavlat, M A GL 8»o 2s od 

•Tnr HOI A GRAIL. Bv G C Macaulat, At a Globe 8vo 2s Od 
LANCELOT AND LI AIN F B> F I Rowe, M A. [fa Reparation 

OUINI \Eltr Bj G 0 MacaUiav.M A [In preparation 

THRING— THE ELI MENTS OF GRAMMAR TAUGnT IV rNGLISIL Bv 
rDWAnDTitniro MA With Qursinns 4th Id PottSvo 2s 
•VAUGHAN —WORDS I ROM 1 HE POI rS Bj C M \AOonAS Pott8vo Is 
■WARD — Tlir ENG1 1SII POI rS. bcleulons, with Critical Introductions bv 
a anous Writers Edited bj T II Ward, M A. 4 Aols Aol I CriAticrn to 
Dohvc. — Aol II Bra lo 'os to Drwifn — \oI III Annisoi to Blake. — 
Aol IV Woniiswonm to Ro«sitti 2nd I d Cr Svo T» 6<1 each 
WARD— A HISTORA OF TNGI ISH DRAMATIC LI’Il RATURL, TO THE 
DFATH Or QUrTN ANNL Bj A W Ward, Litt D Principal of Owens 
College, MnntbcsVr Jvols Svo [New 1 d in prejnration 

WOODS— 'A riRST POE TRA BOOK Bv M A Woods. Ecap Svo 2s Od 
•A SECOND POFTRA BOOK. By tho same 4b Cd , or, Two Parts 2s 6d each 
•A THIRD POLIUA BOOh By the same 4s Cd 
HYMNS I OR SCHOOI WORSHIP Bv tho samo Pott8vo Is Od 
WORDSWORTH.— SFLECT IONS With Introduction and Notes, by T J Rowe, 
M A , and W T Winn, M A. G1 6vo [In prejnratCon 

YONGE -'A BOOK 01 GOLDFN DFEDS. By Charlotte M Tovar Pott8vo 
2s ul net 

lANCFb Or LYNWOOD By tho same Abridged Edition fo- Schools 
Illustrated G1 8vo Is Cd 
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MODERN LANGUAGES AND LITERATURE 


FRENCH 

BEAUMARCHAIS — LE BARBlEIi DE SEVILLE With Introduction nnd 
Notes, by L. P Blocet Fcap S\o Ss 6d 
•BOWEN -FIRST LESSONS IN FRENCH. By H. Couhthofe Bowen, HA. 
GL Bro Is 

BREYMANN —FIRST FRENCH EXERCISE BOOK By Hermann Bretmann, 
PhD Professor of Philology in the University of Hnnich Ex. fcap Svo 4s 6d 
SECOND FRENCH LXERCISE BOOK. By the same. Ex. fcap Svo 2s Gd 
DBLBOS —LECTURES JIARITIMLS By Prof L. Delbos, H M S JSntanma 
Fcap Sio 2s net 

PASNACHT —Works by G E Fasvacitt, lato Assistant Master at Westnunster 
THE ORGANIC METHOD OF STUDYING LANGUAGES G1 8vo L French 
8s 6d 

A FRENCH GRAMMAR TOR SCHOOLS Cr 8vo Ss 6d 
GRAMMAR AND GLOSSARY OF THE FRENCH LANGUAGE OF THE 
SEVENTEENTH CENTURY Cr Svo [In preparation 

SELECT SPECIMENS OF THE GREAT FRENCH WRITERS, 17th, ISth, and 
loth Centuries Cr Sio 7s 6d 

MACMILLAN’S PRIMARY SERIES OF FRENCH READING BOOKS —Edited by 
G E Fasvaciit Illustrations Notes, Vocabulanes, and Exercises. G1 Svo 
•FRENCH READINGS FOR CHILDREN By G E Tasnacht Is Gd 
•CORN AZ— N OS ENtANTS ET LEURS AMIS Bv Emm Harvet Is 6d. 
•DE MAISTRE— LA JEUNE SIBER1ENNE ET LE LfePREUX DE LA OITE 
D AOSTE By Stephan E Barlet, B Sc. Is 6d 
•FLORIAN — FABLES By Rev Charles Yeld, M A Is Gd 
•LA FONTAINE— SELECT FABLES By L. M MonrARTT, B A. 2s 6d 
•MOLESWOBTH— FRENCH LIFE IN LETTERS By Mrs Molesworth Is 6d 
•PERRAULT— CONTES DE FEES By G E Fasnacht Is 6d 
•SOUVESTRE— UN PHILOSOPHE SOUS LLS TOITS By L. M Moriartt, 

B A [In the Press 

MACMILLAN'S PROGRESSIVE FRENCH COURSE — By G E Fasvacht G1 Svo 
•First 7 ear, Easy Lessons on the Regular Accidence Is 
Sopi leaievtart Exercises to First Year. [In the Press 

•Second Year an Elementary Grammar with Exercises, Notes, and Vocabu 
lanes 2s 

•Third Year, a Systematic 8yntnx and Lessons in Composition 2s 6d 
THE TEACHERS COMPANION TO THE ABOVE With Copious Notes, 
Hints for Different Renderings, Synonyms Philological Remarks etc By G 
E FanNACHt G1 8vo Each Year 4s Gd 
•MACMILLAN’S FPENCH COMPOSITION —By G E Fasnacht Part I 
Elementary G1 8\o 2s Od Part II Advanced Cr Syo 5s 
THE TEACHERS COMPANION TO THE ABOVE By G E Fasnacht 
Ex. fian Svo Parti 4s Gd Part II 5s not. 

A SPECIAL VOCABULARY TO MACMILLANS SECOND COURSE OF 
I RFNCH COM POSIT ION By the Same [In the Press 

MACMILLAN’S PROGRESSIVE FRENCH READERS By G E Fasnacht GL 
8vo 

•First Year, containing Tales, Historical Extracts, Letters, Dialogues, Ballads, 
Nursery Songs, etc., with Two Vocabularies (1) in the order of subjects , 
(2) in alphabetical order With Imitative Exercises 2s Gd. 

•Second 7 ear containing Fiction In Prose and Verse, Historical and Descriptive 
Extracts Essays Letters Dialogues etc With Imitative Exercises 2s Gd 
MACMILLAN’S FOREIGN SCHOOL CLASSICS EcLbyG E Fasnacht PottSvo 
•CORNEILLE— LE Cl D By G E Fasnacht Is 
•DUMaS— LES DEMOISELLES DE ST CYR By 7 ictor Ooer Is 6d 
LA FONTAINES FABLES By L M. Moriartt B A [In preparation 

•MERT7IEE— C0107IIH ByG E Fasnacht 2s. 

•MOI iFRE— L AVARE Bv L II MoniARn BA Is 
•MOLIERE-LE BOURGEOIS GENTILHOMMK Bythosame Is 6d 
•MOLIFRE — LES FEMMES SAVANTES Bv G E Fasnacht Is 
•MOLlfiRE— LE MISANTHROPE By the same. Is 
•MOLlfiRE— LE mBDECIN MALGRL LUI By the same Is. 
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^HOIjrilRE—LES FRECIEUSE3 RtOIOuifES By the same Is 
•RACINE— BRIT ANNICUS Bj E Pelussier, M A 2s 
♦rRENCH READINGS PROM ROMAN HISTORY Selected from various 
Authors, by 0 Coloeck, St A., Assistant Blaster at Harrow 4s Gd 
•SAND, GEORGE— LA MARE AD DIABLE By W E Russell, M A. 
Assistant Master at Hailey bury Is 

•SANDEAD, HDLES — BLADE JIOISELLE DE LA SEIGLIERE By R C 
S'eel, Assistant Master at Winchester Is 6d 
•VOLTAIRE— CHARLES XIL By G E Fasnacbt Bs Cd 
•MASSON —A COBIPEN DIODS DICTIONARY OF THE FRENCH LANGDAGE 
Adapted from the Dictionaries of Prof A. Elwall. By G Hasson Cr Svo 
Ss 6d. 

LA LYRE FRANCAISE Selected and arranged with Notes Pott Si o 2s 6d net 
MOLIBRE — LE MALADE DIAGINAIRE With Introduction and Notes, by F 
Tarver, M A , Assistant Master at Eton Fcap 8vo 2s 6d. 

PAYNE —COMMERCIAL TRENCH By J B Patne, Kings College Bchool, 
London GL Svo [In preparation , 

•PELLISSIER —FRENCH ROOTS AND THEIR FAMILIES A Synthetic 
Vocabulary, based upon Derivations By E Pelussier, M A, Assistant 
Master at Chiton College. G1 Svo 6s 

•STORM.— FRENCH DIALOGUES. A Systematic Introduction to the Grammar 
and Idiom of spoken French By Job Storm, LL D Intermediate Course 
Translated by G Macdonald, M A. Cr 8vo 4s 6d 

GERMAN 

•BEHAGHEL. — A SHORT HISTORICAL GRAMMAR OF THE GERMAN 
LANGDAGE. By Dr Otto Bebagbel. Translated by Emil Trechmann, 
M A, Fh.D , University of Sydney GL Svo Ss 6d. 

BUCHHEIM. — DEUTSCHE LTRIK. The Golden Treasury of the best German 
Lyrical Poems Selected bv Dr BucEHEnr PottSvo 2s 6d net 
BALLADEN DND ROMAN ZEN Selection of the best German Ballads and 
Romances By the same Pott Svo 2s 6d net 
HDSS —A SYSTEM OF ORAL INSTRUCTION IN GERMAN, by means ol 
Progressive Illustrations and Applications of the leading Rnles of Grammar 
By H C O Hess, Ph D Cr 8vo 6s 

MAOMir.T.AK’S PRIMARY SEPIES OF GERMAN READING BOOKS Edited 
byG E Tasnacbt With Notes, Vocabularies, and Evcrciscs G1 Svo 
•GRIMM— KINDER DND HAU8MARCHEN By G E Tasnacbt 2s Cd. 
•HADFT— DIE KARAVANE By Herman Hager, Ph D 8s 
•HAUFF — DAS WIRTSHADS IM SPESSART By G E Fasnacbt 3s 
•SCHMID, CHR VON— H VON EICHENFELS By G E Fasnacbt 2s Cd 
MACMILLAN'S PROGRESSIVE GERMAN COURSE ByG E Fasnacht GL8vo 
•First Yeah. Easy Lessons and Rules on the Regular Accidence Is 6d. 
•Second Year. Conversational Lessons In Systematic Accidence and Elementary 
Syntax With Philological Illustrations and Vocabulary 8s Cd 
THE TEACHER’S COMPANION TO THE ABOVE With copious Notes, 
Hints for Different Renderings, Synonyms, Philological Remarks, etc By G 
E Fasnacbt Ex. fcap Svo Etch Year 4s Cd 
MACMILLAN’S GERMAN COMPOSITION By G E Tasvacht GL Svo 
•L FIRST COUBSE Parallel German English Extracts and Parallel Lnglish 
German Syntax. 2s Cd 

THE TEACHER S COMPANION TO THE ABOVE By G E Fasnacbt 
First Course. G1 8vo 4s Cd 

MACMILLAN'S PROGRESSIVE GERMAN EE ADEPS ByG E Fasnacbt GL 
8vo 

•First Year, containing an Introduction t A tlio German order of Words, with 
Copious Examples, extracts from German Authors m Prose and Poetry, Notes, 
ana Vocabularies 2s Cd 

MACMILLAN’S FOREIGN SCHOOL CLASSICS —Edited byG E Fasnacbt Pot* 
8vo 

•GOETHE— QOTZ VON BERLICHINGEN By H A Bull M A 2s 
•GOETHE — FAUST Part I , followed by an Appendix on Part n By Jane 
Let, Lecturer at Nevnham College, Cambridge Revised Edition 4s, Cd. 
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'HEINE— SELECTIONS PROM THE RKISEBILDER AND OTHER PROSE 
WORKS By C Colbeck M A. Assistant Master i f Harrow 2s 04 
'SCHILLER— SELFOTIONS FROM SCHILLER S LYRICAL POLMS With a 
Memoir By E J Tcrsm, B A., and EDA. Morsbead, M A 2s 0(1 
'SCHILLER— DIE JUNGt RAC VON ORLEANS By Joseph Gostwiok. 2s Cd 
•SCHILLE R —MARIA STUART B\ C Sheldon, D Litt 2s 04 
’SCHILT ER— WILHELM TELL ByG F Tass-acht 2s Cd 
'SCH1L1 ER— WAI LEN STEIN, DAS LAGER. B} H B CoTTEmtt, M a. 2s 
•UHLAN D — SELECT BALLADS Adapted for Beginners With Yocabularv 
B> G E Fasnacht Is 

•FYLODET— NEH GUIDE TO GERMAN CONVERSATION containing an Alpha 
bctlcal List of nearly SOO Fatmliar Words followed by Exercises, Vocabulary, 

Familiar Phrases and Dialogues By L. Pvlodet Pott S\ o 2s 6d 

SIEPMANN —A GER'IAN PRIMER Bj Orro SinrarARV, Assistant Maator In 
Clifton College Globe Si o [In preparation 

'SMITH.— COMMERCIAL GERMAN Bv F C Smith, M A G1 Svo Ss. Od 
WHITNEY— A COMPENDIOUS GERMAN GRAMMAR By W D Wuirm-, 
Prof of Sanskrit, etc , In Talc College Cr Evo 4a Od 
A GERMAN READER IN PROSE AND VERSE By the same With Notes 
and \ocabulary Cr Bio 5s 

'WHITNEY— EDGREN —A COMPENDIOUS GERMAN AND ENGLISH DIC 
TIONABY By Pror W D Wbitnev mid A H Edqren Cr Svo 6s 
THE GERMAN ENGLISH PART, separately 3s Od 

MODERN GREEK 

CONSTANTLY illES — NEO HELLEN1CA. Dialogues illustrative of the develop- 
ment of the Greek Language By Prof M Constastinides Cr 8\o Os net 
VINCENT— DICKSON —HANDBOOK TO MODFRN GRFEK. By Sir Edoak 
I it.CE.vr, KCMO, and T G Dilksov, M A. W ith Appendix on tho relation 
of Modem and Classical Greek by Prof Jedb Or Svo 63 

ITALIAN 

DANTE — With Translation and Notes, bv A. J Butler, M A. 

THE HELL. Cr Svo 12a 6d 

THE PURGATORY 2nd Ed Cr 8vo 12s ed 

THE PARADISE 2ndE4 Cr 810 12., Od 

THE CO V VITO Cr Svo [In preparation 

READINGS ON THE PURGATOHTO OF DANTE Chiefly based on the Com 
mentarv of Benvenuto Da Imola By Hou W W arret, yernov, M A. With 
Introduction by Dean Cnuncn 2 vols Cr 8vo 24s 
READINGS ON THE INrERNO OF DANTE Bv Hon W W Verson, M A 
With Introduction bv Dr Moons 2 Vols Cr S\o 80s 
THE DIVINE COMEDT TransL b> C E Norton I HELL. H PURGA 
TORT III PARADISE Cr Svo 6s each THE NEW LIFE Cr Svo fis 
THF PURGATORY Translated by 0 L Shadveli., M A. Ex. Cr 810 10s not 
A COMPANION TO DANTE Trom the German of G A. Scvrtazzini By 
A J BUTLEr, M.A. Cr 810 10s Cd 

SPANISH 

CALDERON —TOUR PLATS OF CALDFRON FI Prinnpe Constanie, La Vida 
« Sue) 10, ri Alcalde dt Aalamea, and El Escondido y La Japada. With Intro- 
duction and Notes. B> Norman MacColl, M A. Cr 810 14s 

•DELBOS —COMMERCIAL SPANISH By Prof Leon Delbos GLSvo 8s Od 

MATHEMATICS. 

Arithmetic, Book-keeping, Algebra, Euclid and Pure Geometry, Geometrical 
Drawing, Mensuration, Trtgonomotry, Analytical Geometry (Plano and 
Solid) Problems and Questions In Mathematics Higher Pure Mathe- 
matics, Mechanics (Statics Dynamlos, Hydrostatics, Hydrodynamics soo 
also Physics), Physics (Sound, Light, Heat, Electricity, Elasticity, Attrac- 
tions, &c ), Astronomy, Historical 
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ARITHMETIC 

« ft r . ti ts —THE GREAT GIANT ARTTHM03 A moat Elementary Arithmetic 
for Clilldren By Mary Steadman Alois Illustrated G1 8vo 2s 6d 
•BRADSHAW— A COURSE OF EASY ARITHMETICAL EVAMPLES FOR 
BEGINNERS BjJ G Bradshaw, BA Q1 8vo 2s With Answers, 2s Cd 
•BROOKSKUTH — ARITHMETIC IN THEORY AND PRACTICE By J Brook 
surra, M.A. Cr Svo 4s 64 KEY, for Teachers only Crown 8vo 10s 64 
•BROOKSMITH— ARITHMETIC FOR BEGINNERS By J and E J Brook 
surra G1 8yo Is 6d KEY, for Teachers only Cr 8vo 6 b 6d 
CANDLER —HELP TO ARITHMETIC For the use of Schools. Bj H. Candler, 
Mathematical Master of Uppingham School 2nd Ed Ex fcap Svo 2s 6d 
•COLLAR —NOTES ON THE METRIC SYSTEM By Geo Collar, BA.BSc 
G l Svo 84 

•DALTON —RULES AND EXAMPLES IN ARITHMETIC Bj Rev T Dalton, 
M A., Senior Mathematical Master at Eton With Answers Pott 8i o 2s cd 
•GOYEN— HIGHER ARITHMETIC AND ELEMENTARY MENSURATION 
ByP Gove*. Cr 8vo '.a KEY Cr 8vo 10s net 
•HALL— KNIGHT — ARITHMETICAL EXERCISES AND EXAMINATION 
PAPERS With an Appendix containing Questions In Looaritbus and 
Mensuration By H S Hall. M A , Master of the Military Side, Clifton 
College, and S R. Kmoht, B A., M B , Ch B With or Without Answers 
GI 8vo 2s 64 

HUNTER —DECIMAL APPROXIMATIONS BvH St J Hotter, M A., Fellow 
of Jesus College Cambridge Pott 8vo Is 6d 

-COMMERCIAL ARITHMETIC ByS Jackson, M A. Gl Svo 3s 6d 
LOOK.— Works by Her J B Lock, M A., Senior Fellow and Bnrsar of Gonvillo 
nnd Cains College, Cambridge 

•ARITHMETIC FOR SCHOOIB Fifth Edition, thoroughly revised, 18D4 Gl 8vo 
2? Fart II 8s KEY, for Teachers only Cr 8\o 30s 6d 
ARITHMETIC FOR BEGINNERS A School Class Book of Commercial Anth 
*A 1 fmirTSVi T unr» Z r ™ SP^v/ 0 * Webers only Cr Svo 8s 6d 
A Pn?t I ^rn D 'i« ???,?,, 0F AW 7 H *P^ 0 ' .FOB ELEMENTARY SCHOOLS 
t nnTr°^^)rr r I* 6d KEY, forTeachors only Cr Sio 8s 6d 

8d “ch to V VUsd VU 2 e YcV " AnsWers ^ I II III IV | 

m SS^’l 1 J E ? TAL l R ? HMETI0 For the Standards Containing 6000 

Or 8 to 

S »HnS:;r^?I,T?. by Rcv Barnard Smith, M A. 

*s§££S BHg " w “ Jsussirm's 

SSHSK* s 

II, Sd Part III, 7d AnscerfM /pv f^m? r r rara ^ ly , pnrt1[ 2<1 » Part 

•THFSAME with Answers p™tt8vo K c^oV ^ M 6rS 0nly pott8vo 48 « d 
LAMINATION PAPERS IN ^FtHMFTIO PottS.n m „ 

with Answers Pott Svo 2s Anf™™ w 83 Tlie Same, 

THE METRIC SYSTEM OF ARrmvri?'rT’n 6l Tmo®^T Pott 8vo 43 6d 

EASyI.ESSONs'iI, AJHTHMCTW C ° L hf 7 i‘ “ 1,1 ln 00 

■as&ssfasa. ^ ,n 
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MATHEMATICS 


•SMITH (BARNARD) — HUDSON — ABITIIMETIO FOB SCHOOLS By Rev 
Baa.ja.ud Smith, M A , revised by W H H Hudson, M A., Prof of Mathe 
matics, King s College, London Cr Svo 4s Od 

BOOK-KEEPING 

•THOBNTON —FIB ST LESSONS IN BOOK KEEPING By J Thornton Cr 
8vo 2s 0<1 KEY Oblong 4to 10s. t.d 
•PB1MPB Or BOOK KErPING Pott8vo Is KEY DomySvo 2s 6d 
•EASY EXERCISES IN BOOK KEEPING Pott 8v o Is 
•THL STUDENT S MANUAL OF BOOK KEEPING [In the Frees 

ALGEBRA. 

•DALTON — BULES AND EXAMPLES IN ALGEBRA. By Rev T Dalton, 
Senior Mathematical Master at Eton. Part I Pott 8ro 2s KET Cr 8vo 
7s Od Part II Pott 8vo 2s 6d 

DUPUIS — PRINCIPLES OF ELEMENTARY ALGEBRA. By N F Dupuis, 
M A , Professor of Mathematics, University of Queen s College, Kingston, 
Canada Cr Svo Os 

HALL— KNIGHT —Works by H S Hall, SI A., Master of the Military Side, 
Clifton College, and S B Knight, B A., M B , Oh B 
•AIGEBRA IOR BrGINNERS G1 8vo 2s With Answers 2s 6d 
•ELEMENTARY ALGFBRA FOR SCHOOLS Cth Ed G1 8vo 8s 6d With 
Answers, 4s Od Answers Is KFY , for Teachers only 8s 6d 
•ALGEBRAICAL ET1 RCISES AND EXAMINATION PAPERS To accom 
pany ELEMENTARY ALGLBRA 2nd Ed, revised. With or Without 
Answers Gl 8vo 2s Od 

•HIGHER ALGEBRA. 4th Ed Cr 8vo 7s Od KET Cr Svo 10s Od. 

•JARMAN —ALGEBRAIC FACTORS By J Abbot Jarjan Gl 8vo 2s 
With Answers 2s 6d 

•JONES— OHEYNE —ALGEBRAICAL EXERCISES Progressively Arranged 
By Rev 0 A Jonfs and 0 H Ouetne, M A., lato Mathematical Masters 
at Westminster School Pott 8vo 2s Od 
KFY, for Teachers By Ret W Failfs, M A Cr Svo 7s 6d 

SMITH —Works by Charles Smith, M A., Master of Sidney Sussex College, 
Cambridge 

•ELEMEN1ARY ALGEBRA. 2nd Ed , revised Gl 8vo 4s Od KEY, for 
Teachers only Cr 8vo 103 Od 

•A TREATISE ON ALGEBRA. 4th Ed. Cr 8vo 7s 6d KEY Cr 8vo 10s 6d 

TODHUNTER —Works by Isaac ToDiurNTEn, F R S 

•ALGEBRA TOR BEGINNERS Pott Svo 2s Od KEY Cr 8vo Cs Od. 
•ALGEBRA TOR COLLEGES AND SCHOOLS By Isaac ToDnuNTEit, T R S 
Or 8vo 7s Od KEY, for Teachors Cr 8vo 10s 6d 

EUCLID AND PURE GEOMETRY 

COOKSHOTT— WALTERS —A TREATISE ON GEOMETRICAL CONICS By 
A. Cockshott, M A , Assistant Master at Eton, and Rev F B Walters, 
M A., Principal of King William s College, Isle of Man Cr 8vo 5s 

CONSTABLE —GEOMETRICAL EXERCISES FOR BEGINNERS By Samuel 
Con stable Cr 8vo 8s Od 

OUTHBERTSON —EUCLIDIAN GEOMETRT By Francis Ccthbertbon, M A., 
LL D Ea fcap 8v o 4s Od 

DAY— PROPERTIES OF CONIC SECTIONS PROVED GEOMETRICALLY 
By Rov H G Day, M A. Part I The Ellipse, with an ample collection of 
Problems Cr 8vo 8s Od 

•DEAKIN —RIDER PAPERS ON EUCLID BOOKS I and II By Rupept 
DfjOvIN, M A. Pott 8vo Is 

DODGSON —Works bv Charles L Dodobon, M A , Student and late Mathematical 
Lecturer, Christ Church, Oxford 

EUCLID BOOKS I and II 0th Ed , with words substituted for the Alge 
brnlcal Symbols used In the 1st Fd Or Svo 2s 
EUCLID AND HIS MODERN RIVALS 2nd Ed Cr 8vo Cs 
OURIOSA HATHEMATIOA. Parti A New Theory of Parallels 3rd Ed 
Cr 8 vo 2* Port II Pillow Problems 2nd Ed Cr 8vo Ss 
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DREW —GEOMETRICAL TREATISE ON CONIC SECTIONS By W iL 
Drew.UA. New Ed , enlarged Cr Sio 6s 
DUPUIS —ELEMENTARY SYMHETIC GEOMETRY’ OF THE POINT, LINE, 
AND CIRCLE IN THF PLANE By N F Dupuis, M A, Professor of M itlic 
mattes, University of Queens College, Kingston, Canada GI S\o 4a Od 
85NTHFTIC SOLID GEOMETRY Cr 8%o 6s Od net 
•HALL— STEVENS —A TEXT BOOK Or EUCLIDS ELEMENTS By H S 
Ball, M A, and T H Steyens, M A , Masters of the Military Side, Clifton 
College. Gl SVo Booh I , I« , Books I and II , Is Od , Books II nndllT, 
2s , Books I -IV , Ss , Books III -IV , 2s , Books HI -VI , is , Books V -VI 
and XI , 2s fid , Books I -VI and XI , 4s. 6d , Book XI , Is KTY to Books 
I IV , 6s Od KEY to VI and XI , Ss fid HEY to I VI and XI , 8s. fid 
HALSTBD —THE ELEMENTS OF GEOMETRY By G B Balstld Professor 
of P ure ami Applied Mathematics In the Unhersitv of Texas 8\o 12s bd 

HAYWARD —THE ELEMENTS OF SOLID GEOMITRY By R B Hayward. 
MA.PH.8 Gl Svo 8 a 

LACHLAN— AN LLEMENTABT TREATISE ON MODERN PURE GLO 
METRY B) R, Lachlan, M A Bio Os 
•LOCK.— THE 1JRST BOOK OF E0CLID3 ELEMENTS ARRANGED I OR 
BEGINNERS By Roy J B Lock MA. Gl 8io Is fid 
MCCLELLAND— A TREATISE ON THI GEOMETRY OF THE CIRCLE, and 
some extensions to Conic Sections by the Method or Reciprocation. Bv W J 
M ClellaNP, M A Cr 8vo Cs 

MUJJE-DAVIS -GEOMETRICAL CONICS By Rev J J Milne, M A and 
R. F Dams, M A. Cr S\o Parti Tho Parabola 2 a 
P ar t II The Central Come tin the Prvts 

M0KHOPADHYAY — GEOMFTRICAL CONIC SLCTIONS By Auurosn itvn 
hopadhyay, M A , F R S L Cr 8yo 4s fid 
RICHARDSON-RAMSEY -MODERN PLANT GEOMETHY By Roy G Rich 

cXgl; Wl^h “g[ Bt'o" 8s CO " C8t ’ 0,,d A S IUMSr '- P ° UCS 

B> c,unLnbSM,Tn - 

^CLa BrWS,' MODERN GEOMETRY OF POINT, RAY , AND 
UnhM^tr B C^svo 8 ' Mil ’ PliD ’ Prores30r of MathematiLS, Missouri 

GEOMETRY (corresponding to Euclid, Books I -Y j V- 
Cr 8Y^ d sfwed* ' 4 , s ® ocialion for tl,c Improt enient of Geometrical Teaching 

SYLLABUS OP MODERN PLANE GEOMETRY —Prepared bv the As«oel»Hnn 

ELEMENTARY GEOMETRY ^'ifnrVr* A I ,, v eB ^ dmnsteror0nftonColle i’B 

Sfv*?? jtBJi aSssrS&is^i 


- _ - - , Following 
fcap 8*o Gd 

S Ye™l, G » t rf 5i n l:TRY ,•*£? CONIC SECTIONS 
versals and Harmonic DU islon Ex fcap 8 yo 


With Appendices on Trana 
Ss fid 


geometrical drawing 

EA S E 7 C M A ST Tw 0Tl y E GEOMETRY OF plant CURVES By T H 

EDGAR - PRITOHARD ^NOT^ ^nanV^&N 6 ®”^ 0011 Cr 8vo •*» 
DLSCmPTIVEGKIMETRY' PRACTICAL SOLID OR 

. Bj J H Edoap and 0 S pJ itc Sbd 4th Ed ffl%' Vith h / 1| ^ or Solnti °ns 
•KITCHENER —A GEOMETRICAL KOTp M 9. 1 , 4 \ M 

In Geometrical Drawing ByFT KwmSr^ ContalningLasy Problems 
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MILLAR — LLEMENTS OF DESCRIPTIVE GEOMETRY By J B Hillaji, 
Lecturer ou Engineering m the Owens College, Manchester Cr Svo Cs 
PLANT —PRACTICAL PLANE AND DESORIP1IVE GEOSIETRY By E. 0 
Plah~ [In preparation 

SPANTON —PRACTICAL PLANE GEOMETRY By J H Spastos, H.M S 
Britannia [In the Press. 

MENSURATION 

STEVENS —ELEMENTARY MENSURATION With Exercises on the Mensura 
tion of Plane and Solid Figures Bj F H Stevens, M A. 01 8io f/n the Press 
TEBAY —ELEMENTARY MENSURATION FOR SCHOOLS By S Tebay 
Ev fcap 8vo Ss 6d 

•TODHUNTER -MENSURATION FOR BEGINNERS. By Isaac Toohuvter, 
P RS Pott 6vo 2s Cd KEY By Res Fiu L McCarthy Or 8yo 7s 6d 

TRIGONOMETRY 

BOTTOMLBY — rOUR FIGURE MATHEMATICAL TABLES Comprising Log 
cntlimic and Trigonometrical Tables, and Tables of Squares, Square Roots, 
and Reciprocals By J T Botto islet, M A, Lecturer In Natural Philosophy 
m the Umiersity of Glasgow 8vo 2s 6d 
HALL— KNIGHT —Works by H S Hall M A, and S R Knight, B A 
’ELEMENTARY TRIGONOMETRY GL Svo 4a Gd 
HIGHER TRIGONOMETRY [In preparation 

HAYWARD —THE ALGEBRA OF CO PLANAR VECTORS AND TRIGONO 
ME TRY By R B Hayward, M A , F RS Cr 8\o 8s 6d 
JOHNSON —A TREATISE ON TRIGONOMETRY By W E Johnson, M A, 
lute Mathematical Lecturer at King a College, Cambridge. Cr Svo 8a 6d 
JONES —LOGARITHMIC TABLES By Pro! G W Jones, Cornell University 
8\0 4s 6d net. 

(Three-digit numbers to four places, fonr digit numbers to six places 
primes below 20 000 to ten places, mathematical and physical constants, 
addition subtraction logarithms , trigonometric logarithms to Tour and six 
places squares, cubes, roots, reciprocals, and prime factors , Interpolation 
coefficients error and probability tables ] 

•LEVETT— DAVISON —THE ELEMENTS OF PLANE TRIGONOMETRY 
Bi Rawdo.n Levett, M A, and C Damson, M A , Assistant Masters at King' 
Edward s School, Birmingham G1 8vo 6s 6d , or, In 2 parts, Ss 6d each 
LOCK — Works by Rev J B Lock, M A 
•THE TRIGONOMETRY OF ONE ANGLE G1 Svo 2s 6d 
•TRIGONOMETRY FOR BEOINNERS rs far as the Solution of Tnangles 3rd 
Ed G1 8io 23 6d KEY , for Teachers Cr 8vo 6a Gd. 

•ELEMENTARY TRIGONOMETRY 6th Ed GL 8vo 4s 6d KEY, for 
TeaUiera Cr Sio Ss 6d 

HIGHER TRIGONOMETRY 6th Ed 4s Cd Both Parts complete In One 
Volume 7s 6d (KEY in preparation 

M'CLELLAND — PRESTON — A TREATISE ON SPHERICAL TRIGONO 
METRY By W J M'Cllllavd, M A, and T Preston, M A Cr 8vo 
8s Gd dr Part I To the End of Solution of Triangles, 4s 6d. Part II , 5s 
MATTHEWS— MANUAL Or LOGARITHMS By G F Matthews, B A Svo. 

PALMER — PRACTIOAL TOGARITHMS AND TRIGONOMETRY By J H 
Palmpr, Headmaster, R N H M 8. Cambrufje, Deionport Gl. Svo 4s 6d 
SNOWBALL —THE ELEMENTS OF PLANE AND SPHERICAL TRIGONO 
ME TRY BvJ 0 Snowball. 14th Ed Or S\o 7s Cd. 

TODHUNTER —Works by Isaac TooHUMEn F R S 

•TRIGONOMETRY FOR BEGINNERS Pott8\o 2s 6d KEY Cr 8io Ss Cd 
PLANE TRIGONOMETRY Cr 8vo 5s KEY Or Svo 10s Cd 
A TRFAT1SE ON SPHERICAL TRIGONOMETRY Cr 8vo 4s 6d 
TODHUNTER— HOGG —PLANE TRIGONOMETRY By Isaac Todhotter. 

Revised by R. W Bogo M A Cr 8vo 5s [KEY m preparation . 

WOLSTENHOLME —EXAMPLES FOR PRACTICE IN THE USE OF SEVEN 
FIGURE LOGARITHMS By Joseph Wolstevholme, D Sc , late Professor 
of Mathematics, Royal Indian Engineering OolL Cooper s Hill Svo Ss 
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ANALYTICAL GEOMETRY (Plane and Solid) 

DYER -EXERCISES IN ANALYTICAL GEOMETRY By 3 M. Dter, M.A 
Assistant Master at Eton Illustrated. Cr 810 4s Gd. 

FERRERS —AN ELEMENTARY TREATISE ON TRILINEAR CO ORDIN 
ATES, the Method of Reciprocal Polars, and the Theory of Projectors By 
Rev N M Ferrers, D D , T R S 4th Ed , reused Cr 8Vo 6s 6d 
FROST —'Works by Pepcital Fnos^ D Sc , r R 8 , Fellow and Mathematical 
Lecturer at King s College, Cambridge ^ ^ 

AN ELEMENTARY TREATISE ON CURVE TRACING S\o 12a 7* 

SOLID GEOMETRY 3rd Ed- Demv Svo lCs 

HINTS FOR THE SOLUTION OF PROBLFMS in the above Svo 8a 6d 
JOHNSON— CURVE TRACING IN CARTESIAN CO ORDINATES By W | 
WootsEr Johj-eov, Professor of Mathematics at the U S Naval Academy, 
Annapolis, Maryland Or 8\o 4s 6d. 

P0OKLB —AN ELEMENTARY TREATISE ON CONIC SECTIONS AND AL- 
GEBRAIC GEOMETRY By G H Pocele, M A. 6th Ed Cr 8vo 7s 6d 
SCOTT —PLANE ANALYTICAL GEOMETRY AN INTRODUCTORY 
ACCOUNT OF CERTAIN MODERN IDEAS AND METHODS By Char 
lotte A Scott, Lecturer in Bryn Mawr College, Penn 8vo [In the Press. 
SMITH —Works by Cras Burra, M A, Master of Sidney Sasser ColL, Cambridge 
CONIC SECTIONS 7th Ed Or Svo 7s 6d KEY Cr 8vo 10s 6d- 
AN ELEMENTARY TREATISE ON SOLID GEOMETRY Or 8vo 9s 6d- 
TODHUNTER — Works by Isaac Todhuktee, F R S 
PLANE CO ORDINATE GEOMETRY, as applied to the Straight Line and the 
Conic Sections Cr 8vo 7s 6d- KEY Cr Svo 10s Cd. 

EXAMPLLS OF ANALYTICAL GEOMETRY OF THREE DIMENSIONS 
New Ed , revised Cr Svo 4s 


PROBLEMS & QUESTIONS IN MATHEMATICS 

BALL -MATHEMATICAL RECREATIONS AND PROBLEMS OF PAST AND 
PRESENT TIMES By W W Rouse Ball, M A , Fellow and Lecturer of 
Trinity College, Cambridge, 2nd Ed Cr 8i o 7s net. 

CAMBRIDGE SENATE-HOUSE PROBLEMS AND RIDERS, WITH SOLUTIONS— 
1875— PROBLEMS AND RIDERS ByAG Geeessiu FBS Cr Svo 8s 60. 
1878-SOLUTIONS OF SENATE HOUSE PROBLEMS Edited by J W L. 
Glaisher, F R 8 , Fellow of Trinity College Cambridge Cr S\o 12s 
CHRISTIE —A COLLECTION OF ELEMENTARY TEST QUESTIONS IN PURE 
AND MIXED MATHEMATICS By J R Christie, F R S Cr Svo 8s 6d 
CLIFFORD —MATHEMATICAL PAPERS By W K Clifford Svo 80s 
MACMILLAN’S MENTAL ARITHMETIC (See page 21 ) [4s 6<L 

MILNE —WEEKLY PROBLEM PAPERS By Rev J J Milne, M A. Pott8vo 
SOLUTIONS TO THE ABOVE By the same. Cr Svo 10s 6d 
COMPANION TO WEEKLY PROBLEM PAPERS Cr 8vo 10s 6d 
•RICHARDSON —PROGRESSIVE MATHEMATICAL EXERCISES TOR HOME 
MORE. By A T Richabdsov, M A GI Svo First 8eries 2s. With 
Answers, 2s 6d Second Series Ss With Answers, 8s Cd 
SANDHURST MATHEMATICAL PAPERS, for Admission into the Royal Military 
College, 1S81 1889 Edited by E J Brooksuitb, BA Cr Sio 8s 6d 
THOMAS —ENUNCIATIONS IN ARITHMETIC, ALGEBRA, EUCLID, AND 
TRIGONOMETRY with Examples Bv P A Thouas, B A Gl 8vo 2s 
WOOLWICH MATHEMATICAL PAPERS, for Admission into the Royal Military 
Academy, Woolwich, 1880-1890 inclusive By the same Cr 8\o 6s 
WOLSTENHOLKE —MATHEMATICAL PROBLEMS, on Subjects included in 
the Firstand Second Divisions of Cambridge Mathematical Tripos By Josffh 
Wolste HioLKE, D Sc. 3rd Ed , greatly enlarged. 8io 18s 
EXAMPLES FOR PRACTICE IN THE USE OF SEVEN-FIGURE LOG 
ARITHMS By the same. 8vo Ss 

HIGHER PURE MATHEMATICS 

AIRY —Works by Sir G B Airy, K.0 B , formerly Astronomer Royal 
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ELEMENTARY TREATISE ON PARTIAL DIFFERENTIAL EQUATIONS 
With Diagrams 2nd Ed. Cr Svo 5s Cd. 

ON THE ALGEBRAICAL AND NUMERICAL THEORT OF ERRORS OF 
OBSERVATIONS AND THE COMBINATION Or OBSER VATIO NS 
2nd Ed , revised Cr 8vo 6s 6d. 

BOOLE —THE CALCUr US OF FINITE DIFFERENCES By G Boole. Srd 
F<L, reused bi J F Moulto QC Cr_8vo 10s 6d. 

EDWARDS — THE DIFFERENTIAL CALCULUS By Joseph Edwards, M A 
With Applications and numeroi-< Examples New Ed. 8vo 14s 

THE D1HERENUAL CALCULUS FOR SCHOOLS By the Same GL 
Syo 4s Cd. 

THE INTEGRAL CALCULUS By the same. [In the Press. 

THE INTEGRAL CALCULUS FOR SCHOOLS. By the same. [In preparation, 

FORSYTH.— A TREATISE ON DIFFERENTIAL EQUATIONS By Andrew 
Russell Forsyth F RS , Fellow and Assistant Tutor or Tnnity College, 
Cambridge 2nd Ed. Svo 14s 

GRAHAM.— GEOMETRY OF POSITION By R H. Graham. Cr Sro 7s 6d 

GREEN HILL —DIFFERENTIAL AND INTEGRAL CALCULUS By AG 
Green hill, Professor of Mathematics to the Senior Class of Artillery Officers, 
Woolwich New Ed Cr 8vo 10s. 6d 

APPLICATIONS OF ELLIPTIC FUNCTIONS By the same 8vo 12s 

HARKHESS-MORLEY A TREATISE ON THE THEORY OF FUNCTIONS 
By J Harkness, M A, and F Mop.let, M A Bvo 18a net. 

HEMMING— AN ELEMENTARY TREATISE ON THE DIFFERENTIAL AND 
INTEGRAL CALCULUS By G W HEiiiUNO, V A 2nd Ed. 8vo *>3. 

JOHNSON — Works by W W Johssok, Professor of Mathematics at the U 8 
Naval Academy 

INTEGRAL CALCULUS, an Elementary Treatise. Founded on the Method 
of Rates or Fluxions 8vo Os 

A TREATISE ON ORDINARY AND DIFFERENTIAL EQUATIONS. Ex. cr 
Svo 15s 

KELLAND— TAIT —INTRODUCTION TO QUATERNIONS, with numerous 
examples By P Kellakd and P G Tait, Professors in the Department o' 
Mathematics in the Umveraitv of Edinburgh. 2nd Ed Cr 8vo 7s Cd. 

KE MPS.— HOW TO DRAW A STRAIGHT LINE a Lecture on Linkages By A 
B. Kempe. Illustrated. Cr Bvo Is Cd 

KNOX— DIFFERENTIAL CALCULUS FOR BEGINNERS By Alexander 
Knox M A Fcap Svo Ss. 64. 

MATHEWS-GRAY— TP EATISE ON BESSEL FUNCTIONS By Prof. G B 
Mathews and Prof A Grat [In the Press 

RICE— JOHNSON —AN ELEMENTARY TREATISE ON THE DIFFEREN- 
TIAL CALCULUS. Founded on the Method of Bates or Fluxions By 3 M 
Rice and W W Jorrsso 3rd Ed Svo 18s Abridged Ed 9s. 

TODHUHTER — Works by Isaac Todhunter, FES 

AN ELEMENTARY TREATISE ON THE THEORT OF EQUATIONS. 
Cr 8yo 7s 6d 

A TREATISE ON THE DIFFERENTIAL CALCULUS Cr Svo 10s 6d- 
KEY Cr 8vo 10s 6d 

A TREATISE ON THE INTEGRAL CALCULUS AND ITS APPLICATIONS 
Cr Svo 103. Od KEY Cr 8vo 103. 6d 

A HISTORY OP THE MATHEMATICAL THEORY OF PROBABILITY, Rom 
the time or Pascal to that of Laplace. Svo 18s. 

WELD— SHORT COURSE IN THE THEORY OF DETERMINANTS By 
L. G Wild, M.A. Cr 8vo 7s 6d. 


MECHAITICS StaticSj Dynamics, Hydrostatics, 
Hydrodynamics (See also Physics ) 

ALEXANDER— THOMSON —ELEMENTARY APPLIED MECHANICS. By 
Prot T Alexander and X W Thoaso"" Pact IL Transverse Stress. 
Cr 8vo 10s 64. 

BALL — EXPERIMENTAL MECHANICS A Course of Lectures delivered at the 
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By L. M Hoskis 9 8vo 
Bj A B f Kenxedv, 


Royal College of Science, Dublin By Sir R S Bant., DBS 2nd I'd 
Ulnstntcd Or Svo Gs 

CLIFFORD —THE ELEMENTS OF DYNAMIC An Introduction to tho Study of 
Motion and Rest In Solid and Fluid Bodies Bv W K Cufiord Parti — 
Kinematic, Cr Svo Books I -III 7s Od Book IV and Appendix, 6s 
COTTERILL. — APPLIED MECHANICS An Elementary General Introduc 
tion to tho Theory of Structures and Machines By J H Cottehill, r R S , 
Professor of Applied Mechanics In the Royal Naval College, Greenwich. 
3rd Fd. Revised Svo ISs 

COTTERILL— SLADE. — LESSONS IN APPLIED MFOHANICS By Prof 
J H Com-itn l and J H Blade. Fcrp S-.o fis Cd. 

GANGUTLLET— RUTTER —A GENERAL FORMULA FOR THE UNIFORM 
I LOW OF WAT* H IN RIYERS AND OTHER CHANNELS By E Gan 
oun-nirr and 17 R Kcnxn. Translated by R HnnrvoandJ C TnAU’nvc.F. 
Svo 17s 

GRAHAM.— GEOMETRY OF POSITION By R H CRAHAsr Or 8vo 7« 6d 
-.GREAVES —STATICS FOR BFGINNERS By John Gfeaves, 51 A., Fellow 
.rnd Jlntlieimtlcal Lecturer at Christs College Cambridge G1 Svo 3s 6d 
YA TREATISE ON FLrWENTARY STATICS By the same Cr Svo 6s 
GREENHILL.— TREAT 1SI ON HYDROSTATICS By A. G Greemiill, Pro 
lessor of Mathematics to the Senior Class of Artillerv Officers, Woolwich. Cr 
Svo 7s. Cd 

•HICKS -ELEMENTARY DYNAMICS OF PARTICLES AND SOLTDS By 
TV 51 Hicks, D Sc., Principal and Professor of Jtatliemstics and Physics, Firth 
College, Sheffield Cr Svo 6s td 
HOSKINS — ELLMENTS OP GRAPHIC STATICS 
1 CN nit. 

KENNEDY— THE 5IPCHANICS OF MACHINERY 
FRS Illustrated Cr Svo 6s 6d 
LAHGMAID— GAISFOPD -~(S-r Engineering, p 32 ) 

LOCK.— Works by Rev J B Lock, A A 

♦JirCHANICS TOR BEGINNERS GL Svo Part I JIfciumcs or Sohds. 
2a 6d [Part II Mecuankm of Fluid*;, in preparation 

VELFMENTABY STATICS 2nd Ed G1 Svo Ss Gd. KTY Cr Svo 8s 6d I 
’ELEMENTARY DTNA5IJCS 3rd Fd. G1 8vo Ss 6d KEY Cr Svo 8s 6d 

'Elementary dynamics and statics, gi svo cs 6d 

ELEMENTARY HTDROSTATIC3 GI Svo [/a preparation 

MACGREGOR— KINEMATICS AND D1NAMI0S An Elementary Treatise « 
By J G MacGmtor, D 8c., Munro Professor of Physics in Dalhouslc College,' 
Halifax NosaSeotla Illustrated Cr Svo 10s Cd 
PAPKINSON— AN LLE5IENTART TREATISE ON SIFCHAMCS By S 
Panrr sox, D D , F R.S , lati Tutor and Prelector of St John’s College, 
Cambridge Cth I d., revised Cr Svo 0a Cd 
PIP IE — LFbSONS ON RIGID DYNAMICS By Rev G rime, 51 A, Professor! 

of M athematics in the University of Aberdeen Cr Svo 6s 
POUTH.— Wor’ s by Edward John Routu, D So. LL.D , F R S , Hon Fellow 
of St. Peter's College Cambridge. 

ATRFATISE ON THE DTNAMIC3 Or THE SYSTTM OF RIGID BODIES 
With numerous Examples Two vols 8ro 6th I d Vol I — Elementary 
Parts Ms Y'ol II — The Advanced Parts Ms 
STABILITY OF A GIVEN STATE OF 510TI0N, PARTICTT ARLY STrADT 
MOTION Adams Prize E«ssy for 1877 Svo Ss Cd. 

’SANDERSON -HYDROSTATICS FOR BrCINNEItS Bv T W SjurorRsox, 
AJM'A, Assistant Master at Dulwich College GI Svo 2s Cd 
1 ABUS OP ELEMENTARY DYNAMICS Part I Linear Dynamics With 
- -an Appendix on the Cleanings of tho Symbols in Physical Equations Prepared 
bv tho Association for the Improvement of Geometrical Teaching 4to Is 
TAIT— STEELE —A TREATISE ON DYNAMICS Or A PARTICLE By 
Professor Tait, 51 A, and R T Stfede, B A Cth Ed , revised Cr 8vo 12s. 
TODHUNTER —Works by Isaac ToDnuNTrr, FRS 
^MECHANICS FOR BFGINNERS Pott Svo 4s 6d KEY Cr Svo Cs 6d 
A TRIATJSr ON ANALYTICAL 8TATICS 6th Ed Edited by Prof J D 
F v er t it , PKS Cr 6vo 10s Cd. 
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WEISBACH— HERRMANN —MECHANICS OP HOISTING MACHINERY By 
Dr J Weisbaoh and Prof G Herrmann Translated by K P Dahlstrom, 
ME Svo 12s 6d net 

SnWET -AN ELLMENTARY TREATISE ON THEORETICAL MECHANICS 
By Prof A Ziwet 8vo Part I KiNc-rATics 8s Cd net 

Part II Introduction to Dynamics vStatics 8s Od not 

PHYSIOS Sound, Light, Heat, Blectrioity, Elasticity, 

' Attractions, etc (See also Mechanics) 

AIRY— ON SOUND AND ATMOSPHERIC VIBRATIONS. By 8irG B Airy, 
EOB With the Mathematical Elements of Mnsie Or 8vo 03 
BARKER —PHYSICS Advanced Course ByProCG P Banker. 8yo 21b 
BRITANNIA PHYSIOS NOTE BOOK. 4 to 6s net 

CUMMING— AN INTRODUCTION TO THE THEORY OP ELECTRICITY 
By LiNK/cus Cummins, M A., Assistant Master at Rugby Illustrated Or 8vo 
8s 6d .a 

DANIELL —A TEXT BOOK OP THE PRINCIPLES OF PHYSICS By Alfred 
Da mixl, D Sc Illustrated. 2nd Ed , revised and enlarged 8vo 21s 
DAY — ELECTRIC LIGHT ARITHMETIC By R E Day Pott 8vo 2s 
EVERETT —ILLUSTRATIONS OF THE 0 G S SYSTEM OF UNITS WITH 
TABLES OP PHYSICAL CONSTANTS ByJ D Everett, P R S , Professor 
of Natural Philosophy, Queen s College, Belfast New Ed Ex reap 8ro 6s 
FESSENDEN —PHYSICS I OR PUBLIC SCHOOLS By C Fessenden, Principal 
of the Collegiate Institute Peterboro, Ontario Illustrated Fcap 8vo 8s 
GRAY —THE THEORY AND PRACTICE OT ABSOLUTE MEASUREMENTS 
IN ELECTRICITY AND MAGNETISM By A. Gray, F R 8 E , Professor 
of Physics University College, Bangor Two vole Cr 8vo Vol L 12s 6d 
Vol II In 2 Parts 25s 

ABSOLUTE MEASUREMENTS IN ELECTRICITY AND MAGNETISM 2nd 
Ed., revised and greatly enlarged reap 8vo 6s Cd. 

ELECTRIC LIGHTING AND POWER DISTRIBUTION [In preparation 

HANDBOOK OF ELECTRIC LIGHT ENGINEERING [fit preparation 

MAGNETISM AND ELECTRICITY Medium 6vo [In the Press 

HEAVISIDE— ELECTRICAL PAPFRS By 0 Heaviside 2vols Svo 80s net 
HERTZ —ELECTRIC WAVES RESEARCHES ON THE PROPAGATION OF 
ELEOTRIO ACTION WITH ITNITE VELOCiTY THROUGH SPACE 
By Prof H Hertz. Translated by D E Jones, B Sc With Preface by Lord 
Kelviy, PRS 8vo 30s net 

IBBETSON— THE MATHEMATICAL THEORY OP PERFECTLY ELASTIC 
SOLIDS, with a Short Account of Viscoub Fluids By W J Iddetbon, late 
Senior Scholar of Clare College, Cambridge 8vo 21s 
JACKSON — 1PXT BOOK ON ELECTRO MAGNETISM AND THE CONSTRUC 
TION OF DYNAMOS By Prof D 0 Jackson CE Vol I Svo Os net 

NOTES ON ELFCTRO MAGNETS AND THE CONSTRUCTION OF 
m NAMOS Un the Press 

JOHNSON —NATURE S STORY BOOKS SUNSHINE By Amy Johnson, 
LLA Illustrated Or Svo 6s 

‘JONES —EXAMPLES IN PHI SICS With Answers and Solutions By 
D E Jones, B So. Inspector of Science Schools under the Science and Art 
Department 2nd Ed , rev iscd and enlarged Fcap Svo Ss Cd 
•ELEMFNTAHY LESSONS IN HEAT, LIGHT, AND SOUND By the same 
QL 8vo 2s 6d 

LrsSONS IN HEAT AND LIGHT For Matriculation Students By the sair •> 
Globe 8vo 8s Cd * I 

KELVIN —Works by Lord Kelvin, P K S , Professor of Natural Philosophy In the 
University of Glasgow 

ELECTROSTATICS AND MAGNETISM, REPRINTS OP PAPERS ON 
2nd Ed 8vo 16s 

POPULAR LECTURES AND ADDRESSES 3 vols Illustrated. Or Svo 
Vol I Constitution or Matter. 7s Cd Vol III Navigation 7s Cd 
LODGE —MODERN VIEWS Or ELECTRICITY By Oliver J Lodge, F B.a, 
P-ofessor of Ph} sics, University College, Liverpool Illus Cr Bvo 6s Cd 
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LOEWT —‘QUESTIONS AND EYAMPLrS ON EXPERIMENTAL PHTSICS 
Eeund, Light, Peat Electricity, and Jlamettsm By R Lorwn, Txaminer In 
rrpenmcnial Phi sics to the College of Preceptors Fcap 810 Js 
•A OUADUAl LD COOPS! OF NATURAL SCIENCE I OR ELEMENTARY 
AND TECHNICAL SCHOOLS AND COI LEGES By the same. Part I 
First Year e Coluhc. GL S10 2s Part II 2s fid 
LOFTON -NUMERICAL TAB! ES AND CONSTANTS IN ELEMENTARY 
SCIE' CE Byh 1 ottos A A lx fcap 810 2s fid 
McAOLAY -UTIUTY OF QUATT RMO.sS IN PHI SICS B) Alex McAcla- 
tvo £s net 

UACFAP LANE.— PHYSICAL ARITHMETIC Bv A Macfaplanf, D Sc , late 
Examucr in Mathematics at tlie 1/niTersIty of Edinburgh Cr 8\o 7s fid. 
•MATER. —SOUND A Senes of Simple Fxpcnments Bj A 31 Mater, Prof o' 
Phi sics In the Steens Institute of Tichcolcyj Illustrated Cr 8\o 3s Gd 
•MATER— BARNARD —I IGIIT A Series of S mplc Expcnmeuts Bj A M 
Matm» cntlC Ban t Ai\r> Illustrated Cr Sio 2s fid 
MOLLOY —GLEANINGS IN SCIINCF Popular Lectures By Rei GrnALD 
Moulot, D ^c., B«. tor of the Cathode University of Ire’-md 8\o 7s fid 
NEWTON — rPlt CII’IA Ldltcd by I/rrd Kpltm, PR.H, and Pror Blacs 
run c. -.ta "Is fl 

TUP FIRST THPEF SrCTIONS OF NFWTONS PRINCirlA With Notes, 
Ibastra turns, and FrobVios E> P Fi-nsr, 41 A , D Sc. 3rd Ed. 8\o 12s 
PAP BONBON -A TRF ATISr ON OPTICS Bj S PAUKt-ooH, D D , F R.6. 

latoTuto-ofSt lohusCollepe Cambridge 4*Jt I d Cr 8vo 10. 61 
PEABODY -THERMODYNAMICS 01 Tnt STEAM TNGINE AND OTHER 
HEATEAGlNio BvCrciLn Pea tody 8vo 21s 
PHYSICAL FEVIEW Fd Iv L L. N icnow and F 'IrniUTr Bvo 2s Gd ret. 
PICELEFDtG — E5 LMF NTS OI PHYSICAL MANIPULATION By Pror En- 
sm.nC PirEiniso McdimrSvo 1 art I, 12s fid Part II , 14s 
PEESTON — THh THEORY OI LIGHT By Taos-As Prur-o r, M A 

[Second Edition in (he Prt«s 

THF THFOPT OF HEAT By the same Svo 17s net 
RAYLEIGH -THE THEORY OI SOUND By Loro Ravixioii, F R.S 8io 
'*w L litlo.1 [In the Press 

SANDERSON -I LLCrmcrrY AND MAGNETISM FOR BI GINNERS By 
F M SAVnrrcaN [/n the Frees 

EEANN — >• I.f 1 MrNTARl TREATISE ON nFAT, IN RFLATION TO 
SII AM ANDTHI STI AMrNGINF- B-GShan.MA Cr Wo 4s fid 
SPOTTISWOODB -POLARISATION OP LIGHT BythelateW Srorrisnoocr, 
P It s Illustrated Cr Svo Ss fid 

STEWAPT — Wo-Ls by BALroti* ^rrn art, F R S , lato Lnngvortby Professor of 
Physie», Owens College Manchester 

•A PPIMI V OF PHI MON lllu»*rated With Questions I ett Svo Is. 

*1 r'-'MJNS IN FI FM4 MALY PHYSICS Illustrated. leap Svo 4s. fid. 
•QUE STIONS ON TKF AHOY I„ I’j Prof T II Con. r. apSvo 2s 
STEWAPT— GEE — LESSONS IN ELFMl MARY PRACTICAI rUTSICS 
By BAiro R SmvArT FRS an! M YV Haldane Gee, B Sc. Cr Svo 
lei I GrvrnAr Piivsjcal PRotr^-rs fis YoL II ELcciurmr and 
Mai r-njif 7« Gd l\o] III Om ■s Hrvr, a rn «nn.D In the Press. 

•PRACTICAL PHYSICS I OR SCHOOLS A\D THE JUNIOR STUDFNTS OF 
COI LEGES G1 Svo Vol I Iin.-rmri-r and Mao ctissl 2s fid 
_ [lol II Optics, Hi at, and Soud In the Press 

STOKES —ON LIGHT Burnett I ectnrc* Bybi*G G Stokes I PS, Lucasian 
Prerc,rnrof MaMiematW in the Univereitj of caml ridge Cr mo 7s Gd 
6T0NE-AN 1 1 FM ENT ARY TRLATIbr ON SOUND By \ H Stone. 
Jilus+nifd leap 8vo Ss od 

TAIT — HP AT Bj V G Tap- Profcsror of Natural Philosophy in the University 
of DJI ibur"h Ct 8 m fl 

LECTURE* ON •'OML RECrNT API ANCES IN PHYSICAL SCIENCE. B, 
riierarac Srir'itlon C'orn 8vo n s 
TA.YLOP — SOUND A''D MLS10 An Flementarv Treatise on tins Physical Con 
stltuUon of Mu’Ical hounds and Harnony, Inc’u'Mng the Chief Acoustical 
Discoveries of P-of Helmholta. Bj H Tatlop, M A I x. er Svo £3 6d 
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•THOMPSON —ELEMENTARY LESSONS IN ELECTniOITY AND MAGM T 
ISM Bj Silvamis P Ihompsos, Principal and Professor of Physics la the 
Technical College 1 Insbnry Illustrated Fcap Bio 4s Gd 
THOMSON —Works by J J Thomson, Professor of Experimental Physics lathe 
University of Cambridge 

A TREATISE ON THE MOTION Or VOMTX RINGS Svo «s 
APPLICATIONS OP DYNAMICS TO PHI SICS AND CHEMISTRY Cr 8vo 
7s Gd 

-TURNER —A COLLECTION OF EXAMPLES ON IILAT AND ELrCTRIOITY 
Bv H H Tbiu.fr, Professor of Astronomy at 0\ford Cr 8\o 2s Gd. 
WRIGHT — EIGHT A Conrso of Experimental Optics, chlctly with the Lantern 
By Lewis Wmoht Illustrated Now Ed Cr 8vo 7 b Od. 

ASTRONOMY 

AIRY —Works by Sir G 6 Amr, K.0 B , formerly Astronomer Royal 
•POPULAR ASTRONOMY Reused by H H Turner, M A. PottSro 4s Gd 
GRAVITATION An Elementary Explanation of the Principal Perturbations In 
tlio Solar Sj atom 2nd Ed Or 8i A 7s Gd 
OHEYNE —AN ELEMENTARY TREATISE ON THE PLAN LT ART THEORY 
ByC II H CncTNn With Problems 3rd Pd., revised Or Svo 7s Gd 
CLARK— SADLER — THE STAR GUIDE By L. Clark and H B idler. 8a o Bs 
OROSSLEY—GLEDHILL— WILSON —A HANDBOOK Or DOUBLE STARS 
By E Orosslev.J Glediiill, and J M Wilson 8vo 21b 
CORRECTIONS TO THE HANDBOOK OF DOUBLE STARS 8vo Is 
FORBES —TRANSIT OF \ENUS Bj G Forbes, Professor of Natural Pliilo 
sophy in the Andorsonlan University Glasgow Illustrated Cr Svo is Gd 
GODFRAY —Works by Hboh Qodfrav , M A., Mathematical Lccturor at Pembroke 
College Cambridge 

A TREATISr ON ASTRONOMY 4th Ed 8vo 12s Gd 
AN ELEMENTARY TREATISE ON THL LUNAR THEORY Or 8vo 6s Gd 
LOOKYER —Works by J Norman Lockyfr, TRS 
•A PRIMER OF ASTRONOMY Hlustrated TottSvo 1 b 
•ELEMENTARY LESSONS IN ASTRONOMY With Spectra of the Sun, Stars, 
and Ncbulm and Tllns 36th Thousand Bealsed throughout reap 8a o 5s Gd 
•QUESTIONS ON THE ABOVE By J Forres Borertson Pott 8vo Is Gd 
THE CHEMISTRY OF THE SUN Illustrated Svo 14s 
THE MFTEORITIO HYPOTHESIS OF THE ORIGIN OF COSMIOAL 
SYSTEMS Illustrated 8vo 17s net 
STAR GAZING PAST AND PRESENT Expanded from Notes with the assist 
once of G M Searrokf, F R A.S Roy Svo 21s 
LODGE — PIONEERS OF SCIENCE By Oliver J Lopoe. Ex Cr Svo 7s Gd 
NEWCOMB —POPULAR ASTRONOJCr By S Newcomb, LLD, Professor 
U S Naval Observatory Illustrated 2nd Ed , revised Svo ISs 

HISTORICAL 

BALL —A SHORT ACCOUNT OF THE HISTORY OF MATHEMATICS By W 
W Rouse Ball, M A 2ndod Cr 8vo 10s net. 

MATHEMATICAL RECREATIONS, AND PROBLEMS OF PAST AND 
PRFSENT TIMES By the same Cr Svo 7s net 
AN ESSAY ON NEWTONS PRINCIPLE By tho same Cr 8vo Gs net. 
OAJORI —HISTORY OF MATHEMATICS By Prof F Cajobi Ex Or Svo 
14a net 

KLEIN —LECTURES ON MATHEMATICS Bv F Klein Svo Gs Gd net 

NATURAL SCIENCES. 

Ohomistry , Physloal Geography, Geology, and Mincialogy , Biology 
{botany, Zoology, General biology, Physiology) , Mediomo 

CHEMISTRY 

ARMSTRONG— A MANUAL OF INORGANIC CHEMISTRY By II E Atm 
strong, F R S , Professor of Chemistry, City and Guilds Central Institute 

[In preparation 
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BEHRENS — MICRO -CHEMICAL METHODS OP AN ALT SIS By Prof 

Bfiirens With Preface In Prof J W Judd, TRS Cr Svo Cs 
•COHEN — 1 llh OWENS COLLEGE COURSE OP PRACTICAL ORGANIC 
CHFMISTRY B> Junes B Conns, Ph D Fcap 8\o 2s Cd 
•DOBBIN- WALKER -CHEMICAL THrORl FOR BEGINNERS By L 
Doom Th D , and Jab. W alki is, Ph D reap Svo 2; Cd 
FLEISCHER —A ST STEM Or \ OLU METRIC AN ALT bIS. By Fjhl IYmcum 
Translated, with Additions, liy M M P Mum, I RSE Cr Svo 7s Cd 
FRANKLAND — AGRICULTURAL CHEMICAL ANALYSIS (See Agriculture.) 
•GORDON — EIJsMI NTARY COURSE OP PRACTICAL bCIENCE B> Huou 
Gordon, Science Inspector under the belcnce and Art Department. Pott Svo 
Tart t b 

HARTLEY —A COURSE OF QUANTITATIVE ANALYSIS FOR STUDEMS 
By W N Hartify, FRS G1 8vo 6s 
HEMPEL —METHODS Or GAS AN ALT SIS By Dr Walther Hnurau Trans 
latcd bv Dr L. M Dennis Cr Svo 7s Cd 
HIORNS — Works 1>> A H Hionrs, Principal of the School of Metallurgy, 
Birmingham and Midland Institute G1 Svo + 

A TEXT BOOK OF ELTM1 NTART METALLURGY 4s 
FRAOTIOAL MFTALLURGY AND ASSATINQ Ca 
IRON AND STELL MANUFACTURE For Beginners. Ss 6d 
MIXED METALS OR METALLIC ALTOYS 6s. 

METAL COLOURING AND BRONAING 6- 
JONES — *THL OWI NS COLLEGE JUNIOR COURSE Or PRACTICAL CIIEM 
. IbTRY By Francis Jones, TR.SE reap Svo 2s Od 
^QUESTIONS ON CHEMISTRY By the Mine I cap 8vo 31 
LANDAUER— BLOWPIPE AN ALT SIS By J Landadcr. Translated hj J 
Taylor, B Sc. Revised T dlllon G1 8 yd 4s Cd 
LASSAR-COHN — LABORATORT MANUAL OF ORGANIC CHEMISTRY 
Translated by Prof Atrx Smitit Cr 8vo [7»* preparation 

LAURIE -—(See Agriculture, p 40) 

LETTS — QUALITATIVE ANALTSIS TABLES B> Prof E A. Lftts, D Sc 
% 4 to 7s neL 

fcOCKYER— ' THE CHEMISTRY OF THESUN ByJ N I,ocKVER,rR8 Svo 14s 
1 LUPTON — CHrMJCAL ABITHMrTIO With 1200 Problems By 8 Luiton, 
M A. 2nd Ed , revised Fcap Svo 4s (kl 

, MELDOLA THE CHEM1BTRY OF PHOTOGRAPHY By IUrnAF.L Ki-ldola, 

F R S , Trofessor of Clieinlslo Technical College, I Insburv Cr Svo Cs 
MEYER— HISTORY Or CHEMISTRY FROM 5 IIP EARLirbT TIMES TO 
THE PRESENT DAY By Lrnbt von Mftfr Ph D Translated l>> Gsonrp 
McGowan Pb D 8vo 14s net 

MtXTEP — AN I LfcWENTARYTE\T BOOK OrCHF’IISTRY B} WQ Mister, 
Professor of Chemistry, Tale College 2nd I'd Cr Svo 7s Od 
MUIR— PRACTICAL CHEMISTRY TOR MFD1CAL STUDENTS Tirst M B 
Course Bj M M P Mum, P R.8 E. leap Svo Is 6d 
MUIR — WILSON —THE ELFJirNTS Or TBFRMAL CHEMISTRY By M 
M P. Mum, 1 R.8 E. assisted bv D M Wilson Svo 12s Od 
MURCHB — OPJI CT LESSONS IN LLEMrNTART SCILNCE Bj V T Murcn£ 
y Tiirco Parts, 2s Od each 

VERNST — TH1 ORrTICAL CHEMISTRY By Prof Nernst Translated by 
Prof 0 S Palmer. Svo [lit the Press 

OSTWALD —OUTLINES OF GENERAL CHEMISTRY Physical and Theo 
retlcal By Prof W Ostwald Trans by Jas Wai urr, D Sc. Svo 10s net 
PHTSICAL AND CHEMICAL MEASUREMENTS Bv Prof W Ostitaid 
T rans by Jar Walkfr DEc 8vo (In the Press 

RAMSAY — rxPFRIMLNTAL PROP'S OF CHEMICAL TIKORT FOR Br 
GIN VERS By Willuvi RaMbat, F R S NuvEd Pott8vo 2s Cd 
REMSEN —Wort r liy Ina Rfurev Prof, of Chemistry, Johns Hopl ins University 
•THE ELEMENTS 01 CIXFMlSfRT To- Beginners leap Svo 2s Cd 
AN INTRODUCTION TO THE STUDY OF OHO'ISiRY (INORGANIC 
CHIMISTRT) Cr Svo Os Cd 

COMPOUNDS Or CARBON an Introduction to the Study of Oiganic 
Chemistry Cr Svo Cs Od 

A TEXT BOOK OF INORGANIC CHEMISTRY Svo 16s 
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" ROSCOE. — Works by Sir Henry E Roscoe, F R.S .formerly Professor of Chemistry, 
Owens College, Minoliester 

"A PRIMER OF CHEMISTRY Illustrated With Questions Pott 8vo Is 
'INORGANIC CHEMISTRY FOR BEGINNERS Assisted by J Boot, B Bo 
Q 1 8vo 2s Cd 

•LESSONS IN ELEMENTARY CHEMISTRY, INORGANIC AND ORGANIC 
With Illustrations and Chromohtlio of the Solar Spectrum, and of tho Alkalies 
and Alkaline Earths New Ed, 1892 leap 8vo 4s 6d 
ROSCOE— SCHORLEMMER —A TREATISE ON INORGANIC AND ORGANIC 
CHEMISTRY By Sir Henhy Roscoe, F R S , and Prof 0 Scuorlemmee, 
FB8 tro 

Vols I and II— INORGANIC CHEMISTRY Vol I —The Non Metallic Ele 
ments 2nd Ed 21s VoLU — Metals Two Parts, 18a each 
Vol III —ORGANIC CHEMISTRY THE CHEMISTRY OF THE HYDRO 
CARBONS and their Derivatives Tarts I II IV and VI 21s each. 
Parts III and V 18s each 

ROSCOE — SOHUSTER -SPFOTRDM ANALYSIS By Sir Henri. Roscoe, 
F R S 4th Ed , revised hy the Author and A Sohoster, P R 8 8vo 21s 
SOPORLEMMER —RISE AND DEVELOPMENT OF ORGANIC CHEMISTRY 
■“•w By Prot SrnoRLEJOiER, N E Edited bv Prof A H Smitiiflls [In the Press 
SCHULTZ — JULIUS — SI STEMATIO SURVEY OF THE ORGANIC COLOUR 
ING MATTERS Rj Dr G 8 chultz and P Julius Translated and Edited 
by Arthur G Grfen, F I 0 , F C S , Examiner In City and Guilds of London 
> Institute Royal 8vo 21a net 

^•THORPE -A SrRIES OF CHEMICAL PROBLEMS With Key By T E 
Thori e, F R S New Ed Fcap 8vo 2s 
ESSAYS IN HISTORICAL CHEMISTRY By the Bamo Cr 8ro 8s (Jd net. 
THORPE— RUCKER —A TREATISE ON CHEMICAL PHYSICS By Prof T E 
Thorpe and Prof A W RBckfr. 8vn [In preparation 

•TURPIN —ORGANIC CHEMISTRY FOR BEGINNERS By G 8 Turpin, 
M A. G1 B\o Part 1 —Elementary 2s 6d 
WURTZ —A HISTORY Or CHEMICAL THFORY By Ad Wurtz Translated 
by Henry Wattb, r R 8 Crown Svo Cs 
WYNNE —COAL TAR PRODUCTS ByW P Wynne, Royal College of Science 

tin preparation. 

PHYSICAL GEOGRAPHY, GEOLOGY, AND 
MINERALOGY 

BLANFORD —THE RUDIMENTS OF PHYSICAL GEOGRAPHY FOR INDIAN 
SCHOOLS , with Glossary By H T Branford, T G 8 Cr 8vo 2s 6d 
FERREL.— A POPULAR TREATISE ON THE WINDS By W Irnitri, M A , 
Member or the American Nat'onnl Academy of Sciences Bio 17s not. 
FISHER —PHYSICS OFTHrEARTHSORUST By Rev Osmond Fisurn, M A , 
r G 8 , Hon Fellow of King a College, London 2 nd Ed , enlarged 8 vo 12s 
GEE— 8HORT STUDIES IN EARTH KNOWLEDGE By William Gpe. G1 
8 vo Illustrated [In the Press 

GEIKIE —Works by Sir Arc-iubaud Gfikif, IBS, Director General of the 
Geological Survey of the United Kingdom 
•A PRIMFR Or PHYSICAL GFOGRAI’Hl Bins With Questions Pott8vo Is 
•ELEMENTARY LFSSONS IN PH1SICALGEOGRAPH1 Illustrated. Fcap 
8vo 4s 6d ‘QUESTIONS ON THE SAME. Is 6d 
•A PRIMLR OF GFOl OGY Illustrated Pott 8vo Is 
•CLASS BOOK Or GEOLOGY Illustrated Or Svo 4s Cd 
TrXT BOOK Or GEOLOGY Illustrated 3rd Ed (1893) Svo 28s 
OUTLINES OF HELD QEOLOQY Illustrated G1 Svo Ss Cd 
THF SCENFR1 AND GEOLOGY OF SCOTLAND, VIEW FD IN CONNEXION 
WITH ITS PHYSICAl GEOLOGY Illustrated. Cr 8vo 12s Cd 
GPEGOPY — THL PLANET EARTH By B. A. Greoory, FRAS Cr 8 vo 

f In the Press 

HUXLEY —PHYSIOGRAPHY An Introduction to tho Study of Nature. By 
the Right Hon. T H. Huxley, PBS Illustrated. Cr Svo 6s 
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KELVIN —POPULAR LECTUR'-S AND ADDRESSES By Lord Ktlvk, 
PIES. \ok H Groi/wv a*to Grsnut Pbvbics Cr 8 vo 7*00. 

LESSING — TAIlLFs FOR TUI DETERMINATION OP THE ROCK FORMING 
MINT E VLS Complied bj P L. LonvinsoN LessHiO, Professor of Geology 
At Jjo Univcnllv o' Dorpeit Translated by J B Grcoonv, B Sc., f G& 
With Gjoitwj bi 1’rof 0 A J Cole I GJ3/ 8vo 41 CO net 
LOCKYER.— OUTLINES 01 PUXSIOGRAPHX-TIIE MOVEMENTS OP TILL 
EARTH Ty J Nojihah Loosrrr, r R.B , T xamlncr In Physiography for the 
Science and Art Department. illustrated Cr 8 to Sewed, Is 01 
LOUIS — HAND TOOK OF GOLD MILLING B- Hem a Loon. Cr £\o 103 net 
* it Alt R— BARKER. PIlTStOGlUPUt I OR B1 GINNPRS By J I Mann, 
I ItS , and A. IlAtUvEn M A GI Evo [IrOieJ’rt*. 

MEERS— A TLLATISl ON MINFRALOGX ByH A. Mirra, ol tho British 
Mu*euin fin [In prepara Ion 

HtERS-CROSSKET -<«« Hypcnc, p41 ) 

TAP R — rCONOMICGKOLOtn 01 Tin- U S By It S Tabu, B «■ 8vo 1C? net 
WILLIAMS — LLrMFNTS OF CRTSTALLOORAPHT, forstudmts of ChcmLitrj 
Physics, and Mineralogy By G II M iluahs, Ph D Cr Sio Cs. 

BIOLOGY 

(Fo'arj,, FMifgg, Gt’trtU BKojy, PhisMoyy ) 

Botany 

ALLEN -ON THF COLOURS OF PLOWFRS, as Illustrated In the British Flora. 

Uy Oi-avt Attn. 1 * Jllustn'cd 0* Rvo f «. Cd 
ATKOibO’f — BIOI OGX Ol F> RN8 lit THE COLLODION METHOD By 0 

I ATri'-oov rii Ii Rvo Cd net 

BALFOUR— WARD —A GI NI RALTEVT BOOK OF BOTANI By Prof I B 
Bi-roun, F ItS , and Pror 1L Mamoai-I, WaHD, Fllb [/r preparation 
•BETTANY — FIRST LI SSONS IN PRACTICAL BOTANT By G T Bcrnst 
Po’l Sio Is. 

•EOWER — Works byF O Bonn., P Sc., TBS, Profesio-of Botany, University 
or Gbi'"OTr 

A COURSE OF PRACTICAL INSTRLOHON IN BOTANi Cr Rvo 10s Cd 
•PPACT1CAI. BOTANT FOR HI GIN .ERh G1 Sro Si Cd 
CHUFOH— VINES — MANUAL OF TEGFIABLE PHTSIOLOGX By Prof 
A.H Cnrucii FlLS,cndS.H Wn Illustrated. Cr Rvo [In prep 

GOODALE — PIIYSIOI OoIC AL BOTAN X I Outlineso'tlie Histology ofPha.no 
ranons Plants II Tt.eiaMePuysfology B> G L. GoonAi-r, M A. svo 10? 6d 
GRAY— STRUCTURAL BOTANI, OR ORGAN OGRAPIIX ON THE BASIS 
OI MORPHOrOGi Bv Pror Asa Giur. LLI) Svo 10s. CJ 
HARTIO — TFV r BOOK OI 1 HI PIS! AS! S Ol TREES (See AgricnUttre, n. 40.) 
HOOKER — Wo'i* by S'r louni Hootcro, I R S , Ac. 

*FRIHF K Or BOTANT Illustrate 1 PottSxo Is 

thl sruorNrs i lor a oi tul imrrisn islands srd Ed , reris-si. 

OI Evo 101 <rl 

LUBEOOK-FI OW1 RS, FPU ITS AND I TAXES Bi the Hl 3 lit non Sir J 

I I in 9CK i Itfc Hloi*rated 2nd I d C* Svo 4s. Cd 

MULLER— TH1 1 LRTH IS ATION OI FLOW! RS By HrruANt MUtirr 
Translated by D Arc r W Tnoumof, B A , Profcs»orof Biology In Unherslty 
College Dundee Pr> face by Ciuntxs DaPwiv Illustrated 8ro 21s 
NIBdFT —BRITISH F OR1 ST fill 1 H (Set Agrie ilturc, p 40 ) 

OLtVIP — *L 1 SS 0 NSIN rLFMI START UOTANX ByLawm Oliver, r ItS , 
ht* PnAvrarof Botany In Untiirslty College, London leap Si o 4s. Cd 
HOST BOOK OI INMAN BOTANx' Bytbe«smc Tx. fcap Bvo Cs Cd. 
SMITH —1)1*51 ASES OI HI LD AM) GARDEN CROTS (See Agriculture, p 10) 
WAPD -TIMBER AND SOMF 01 ITS DP51 A8LS (<?« Agriculture, p 40 ) 

Zoology 

BADEN 0CH.—1 HL ROMANCE OP TUT INSECT WORLD By I* N 
BAtirvocn IPnrir ( r bio Ct 

BALFOUB , — A TRLATlBr ON COMPARATIVE FWBRTOLOGT By T M 
BAirocr, 1 ItS Illustrated 2 vols 6io Vol I lfci X ol II 21s 
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BERNARD— THE APODIDAE By H M Bernard, H A..LLD Gr Svo Ts Gd 
BUOKTON —MONOGRAPH OF THE BRITISH OIOADA3, OR TETHGIDAl. 

ByQ B Bdckton 2vols 810 42s net 

CODES —HANDBOOK OF FIELD AND GENERAL ORNITHOLOGY By 
Prat Elliott Codes, M A. Illustrated 8vo 10s net 
FLOWER — GADOW— AN INTEODBOTION TO THE OSTEOLOGY OP 
THE MAMMALIA. By Sir W H. Flower, F R S , Director of the Natural 
History Museum. Ulus 3rd Ed , revised with the help of Hals Gadow, Eh D 
Or Svo 10s Gd 

FOSTER— BALFOUR —THE ELEMENTS OF EMBRYOLOGY By Prof 
Michael Foster, MD,r R.S , and the late F M Balfour, F R S , 2nd Ed 
revised by A. Sedowick, M A., and W Heape, M A. Dlust Cr 8vo 10s Gd 
GUNTHER— GUIDE TO BRITISH FISHES By Dr A. GUkther. Cr 8 vo 

[In the Press 

HERDMAN —BRITISH MARINE FAUNA. Vol I By Prof W A. Herdman 
Or 8vo [In the Press 

LANG -TEXT-BOOK OF COMPARATIVE ANATOMY By Dr Arnold Lalo, 
Professor of Zoology in the University of Zurich Transl by H. M. and hi 
Bernard Introduction by Prof Haeckel. 2 vols Illustrated 8vo Fait I 
17s net - [Port II in the Pres. 

LUBBOCK —THE ORIGIN AND METAMORPHOSES OF INSECTS By the 
Bight Hon Sir John Lubbock, F R S , D 0 L Illus Or Svo 8s Od 
MBYRIOK.— BRITISH LEPIDOPTERA. By L Metrics. [In preparation 
MIALL — AQUATIC INSECTS By Prof L 0 Mzall [In preparation 

MTVART —LESSONS IN ELEMENTARY ANATOMY By St G Mivabt, F R 3 , 
Lecturer on Comparative Anatomy at St Mary s Hospital Fcap 8vo 6s (Id 
PARKER —A COURSE OF INSTRUCTION IN ZOOTOMY (VERTEBRATA) 
By T Jeffery Parker, F R S , Professor of Biology in the University of 
Otago, New Zealand Illustrated Or 8vo 8s Gd 
PARKER— HASWELL —A TEXT BOOK OF ZOOLOGY By Prof T J Parker, 
F R.S and Prof Haswell. 8 vo [In preparation 

SEDGWICK —TREATISE ON EMBRYOLOGY By Adah Sedowick, F R 8 , 
Fellow and Lecturer of Trinity College, Cambridge 8vo [In preparation 

SHUFELDT —THE MYOLOGY OF THE RAVEN {Cormis corns sintiaittt) A 
Guide to the Study of the Muscular System in Birds By R. W Shufeldt 
Illustrated 8vo 18s net 

WIEDERSHEIM.— ELEMENTS OF THE COMPARATIVE ANATOMY OF 
VERTEBRATES By Prof R WiEDEnaHEtM Adapted by W Newtol 
Parker, Professor of Biology, University College, Cardiff 8vo I2s Od 
HUMAN ANATOMY Translated by H M Bernard and G B Howes [In Press 


General Biology 

BALL— ARE THE EFFECTS OF USE AND DISUSE INHERITED? By W 
Platt Ball Cr Bvo 8s Gd 

BATESON —MATERIALS TOR THE STUDY OF VARIATION By W Bateson, 
M A Illustrated 8\ o 21 b net. 

OALDEBWOOD —EVOLUTION AND MAN’S PLACE IN NATURE By Prof 
H Calderwood, LL D Cr 8vo 7b 6d 

R IME R — ORGANIC EVOLUTION as the Result of the Inheritance of Acquired 
Characters according to the Laws of Organio Growth By Dr G H. T 
Eimer. Transl by J T Ounniloham, FUSE Svo 12s. Gd 

HOWES —AN ATLAS Or PRACTICAL ELEMENTARY BIOLOGY By G B 
Howes, Assistant Professor of Zoology, Royal College of Science 4to I4s 

•HUXLEY —INTRODUCTORY PRIMER OF SCIENCE By Prof T H Huxley, 
FRS Pott8vo Is 

HUXLEY — MARTIN— A COURSE OF ELEMENTARY INSTRUCTION IN 
PRACTICAL BIOLOGY By Prof T H Huxley, FRS, assisted by H 
N Martin, FR.S , Professor of Biology In the Johns Hopkins University 
New Ed .revised by G B Howes, Assistant Professor, Royal Collcgo of Science, 
and D H Scow, D Sc Cr 8vo 10s Gd 

LUBBOCK —ON BRITISH WILD FLOWERS CONSIDERED IN RELATION 
TO INSEOTS By Right Hon SlrJ Lubbock, FRS Illust. OrSvo 4s Gd. 

ORR —THEORY OF DEVELOPMENT AND HEREDITY By K B Orb, 
Ph D Or 8vo 6s net. 
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PARKER —LESSONS IN ELEMENTARY BIOLOGY By ProT T Jetfert 
PA rRER. F B.S. .Illustrated 2nd Ed Cr Svo 10s 6d 
VARIGNY —EXPERIMENTAL EVOLUTION ByH pc V An tow Cr Svo 6s 
WALLACE —Works by Alfred Rdssei, Wallace, F R 8 , LL.D 
DARWINISM An Exposition of the Theory of Natural Selection Cr 8\o Os 
NATURAL SELECTION AND TROPICAL NATURE Ncr Ed Cr 8ro Cs 
ISLAND LirE New Ed. Or Svo Cs 

Physiology 

PEARNLEY— A MANUAL OF ELEMENTARY PRACTICAL HISTOLOGY 
ByWnAtASt rnjutirixr Hlnstratod Cr Svo Vs Gd 
FOSTER —Works by MrcnuT. Foster, M D , F R.S , Professor of Physiology in 
the University of Cambridge 

* A PRIMER OF PHI BIOLOGY Hlnstratcd. Pott Svo Is 
A TEXT BOOK or PHYSIOLOGY Illustrated. 6th Ed .largely revised 8vo 
Parti Blood— The Tissues of Movement, The Vascular Mechanism 10s Cd 
Part IT The Tissues or Chemical Action, with their Respective Mechanisms 
— Nutrition 10s. Cd PartlH The Central Nervous System Vs Cd Part 
IV The Senses and some Special Muscular Mechanisms The Tissues and 
Mechanisms of Reprodnctioni 10s. Cd APPENDIX— THE CHEMICAL 
BASIS OF THE ANIMAL BODY By A S Lea, M A Vs Cd 
FOSTER— LANGLEY —A COURSE OF ELEMENTARY PRACTICAL PHY- 
SIOLOGY AND HISTOLOGY By Pro t Michael rosnat,and J N Lat olev, 
FR S, rellow of Trinity College, Cambridge Cth Ed Cr Bvo 7s 6d 
FOSTER-SHORE.— PHYSIOLOGY TOR BEGINNERS Bv Micttttt, Fosrm. 

M D , F R S , and H E 8nonr M A, M D G1 Svo * tin Vit Prc*s 
GAMGBE —A TEXT-BOOK Or THE PHYSIOLOGICAL CHEMISTRY OF THE 
AN IMAL BODY By A GAitarc If D ,F R.B Svo Vol I 18s Vol IT 16s 
•HUXLEY -LESSONS^ IN ELEMENTARY PHYSIOLOGY By Pror T H 
Huxlkv, r R-S must. Feap Svo 4s Cd 
•QUESTIONS ON THE ABOVE Bv T Alcock, MD Pott Svo Is Cd. 

MEDICINE 

BLYTH .— (See Hygiene, p 41) 

BRUNTON —Works by T Latoer Brevrov. M D . F T? FnminA- 

^fcoll^offefeiffid^ i0 thB Vfctona University, and In the 

” nndliAifr wfNeov" 1 S Adapted to the New British Pharmacopcehj 
T ABLES d or d JIATfcn?A Svnrni ^ r ^ 2 ' ol! 229 M Supplement 1? 

SjS (SL spr* to thc Wia jf « ,,ca 

■^rBsnsBSBdbS^tt! 

KAHT . U EN —METHODS Or PATHOLOGICAL HISTOI nr v 71 ^ 

jauae: «*S“» * ws 
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ZIEGLER— MAOALISTER -TEXT -BOOK OF PATHOLOGICAL ANATOMY 
AND PATHOGENESIS By Prof E Ziegler Translated and Edited by 
Donald MacAlistek, Fellow and Medical Lecturer of St John s 

College Cambridge Illustrated 8vo 
Parti— GENERAL PATHOLOGICAL ANATOMY 2nd Ed 12s 6d 
Part H— SPECIAL PATHOLOGICAL ANATOMY Sections I -VIII 2nd Ed. 
12s Gd. Sections IX -XIL 12s Gd 

HUMAN SCIENCES. 

Ethics and Metaphysics , Logic, Psychology , Political Economy , Law 
andPolltlos, Anthropology, Education 

ETHICS AND METAPHYSICS 

CALDERWOOD —HANDBOOK OF MORAL PHILOSOPHY By Her Henry 
Calderwood, LL D , Professor of Moral Philosophy m the University of 
Edinburgh 14th Fd , largely rewritten Cr 8vo 6s 
DEUSSBN— ELEMENTS OF METAPHYSICS By Professor K-Deussen Cr 8\o 
HILL —GENETIC PHILOSOPHY ByDavroJ Hill. Cr 8vo 7s net 
KANT— MAX MULLER —CRITIQUE OF PURE REASON By Immanuel Kant 
2 vols 8 vo 16s each Vol I HISTORICAL INTRODUCTION, by Lun 
wig Noinfi , Vol IL CRITIQUE OF PURE REASON, translated by F Max 
Muller 

KANT — MAHAFFY — BERNARD —KANTS CRITICAL PHILOSOPHY FOR 
ENGLISH READERS By J P Mahaffy, D D , Professor of Ancient Hlstoiy 
In the University of Dublin, and JonN H Bernard, B D , Fellow of Trinity 
College, Dublin. A new and complete Edition in 2 vols Cr 8vo 
VoL I The Kkitik op Pure Reason explained and defended 7s Gd 
VoL II The Prolegomena Translated with Notes and Appendices 6s 
KANT — KRITIK OF JUDGMENT Translated with Introduction and Notes by 
J H Bernard, D D 8vo 10s net 
McCOSH — Works by James MoCosh, D D , President of Princeton College 
FIRST AND FUNDAMENTAL TRUTHS a Treatise on Metaphysics 8vo 9s 
THE PREVAILING TYPES OF PHILOSOPHY CAN THEY LOGICALLY 
REACH REALITY 7 8vo 8s 6d 

MARSHALL— PAIN, PLEASURE, AND ESTHETICS By H. R Marshall, 
M A. 8vo 8s 6d net 

MAURICE —MORAL AND METAPHYSICAL PHILOSOPHY By F D 
Maurice, M A., late Professor of Moml Philosophy in the University of Cam 
bridge 4th Ed. 2 vols 8vo IGs 

SIDGWICK. — Works by Henry Sidgwick, LL D , D C L , Knightbndge Professor 
of Moral Philosophy in the University of Cambridge. 

THE METHODS OF ETHICS 5th Ed 8vo I4s 
OUTLINES OF THE HI8TORY OF ETHICS Brd Ed. Cr 8vo 8s Gd 
WILLIAMS —REVIEW OF THE SYSTEM OF ETHICS FOUNDED ON THE 
THEORY OF EVOLUTION By C M Williams Ex. Cr Svo 12s net 
W INDELB AND —HISTORY OF PHILOSOPHY By Dr W Windelband 
Translated by Prof J H. Tufts, PhD 8vo 21s net 

LOGIC 

BOOLE— THE MATHEMATICAL ANALYSIS OF LOGIO Being an Essay 
towards a Calculus of Deductive Reasoning By George Boole 8vo 6s 
JEVONS — Works by W Stanley Jevovs, F R S 
*A PRIMER OF LOGIO Pott 8v o Is 

"ELEMENTARY LESSONS IN LOGIC, Deductive and Inductive with Copious 
Questions and Examples, and a Vocabulary reap 8vo 3s Gd 
THE PRINCIPLES OF SOIENOE Cr Svo I2s Gd 
STUDIES IN DEDUCTIVE LOGIC 2nd Ed Cr Svo Gs 
PURE LOGIC AND OTHER MINOR WORKS Edited by R. Adamson, 
M A , LL.D , Professor of Logic at Owens College, Manchester, and Harriet 
A Jsvons With a Preface by Prof Adamson Svo 10s Gd 
KEYNES —FORMAL LOGIO, Studies and Exercises in By J N Keynes, D Sc. 
3rd Ed , revised and enlarged 8vo 10s 6d 
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•RAY — A TEAT-BOOK OF DEDUCTIVE LOGIC rOR THE USE OF STUDENTS 
B\P K. Ray, D So., Professor of Logie and Philosophy, Presidency College, 
Calcutta. 4 th Ed Globe 8 a o 4s Cu 

VENN— Works by JojnrVraw, P R S , Examiner In Moral Phllosophj in the 
University of London 

THE LOGIC OF CHANCE An Essay on the Foundations and Province of tho 
Theory of Probability 3rd Ed , rewritten and enlarged Or 8vo 10s Gd 
SYMBOLIC LOGIC 2nd Ed Cr 8vo 10s Gd 
THE PRINCIPLES OF EMPIRICAL OR INDUCTIVE T OGIO 8vo 18a 


PSYCHOLOGY 

BALDWIN— HANDBOOK OF PSYCHOLOGY SENSrS AND INTELLECT 
Bj Prof J M Baibwiv, M A , LL D 2nd Ed , revised 8vo Ss Gd net 
PEELING AND WILL By tho same Svo 8s Gd. not. 

ELEMENTS OF PSYCHOUm Cr Svo 7s 0d 
CLIFFORD —SEEING AND THINKING Bj the late Prof W K. Clutoud, 
F R.S V Ith Diagrams Or Svo 8s Gd 
HOFFDING —OUTLINES or PSYCHOLOGY By Prof H Horrmvo Trans 
lntcdbj M E Lowntjes Cr 8a o Gs 

JAMES— THE PRINCIPLES OF PSYCHOLOGY By Ww James, Professor 
of Ptvchology fn Harvard Universitv 2 vols 8vo 25s net 
A TEAT BOOK OF PSYCHOLOGY By the samo Cr Svo 7s net 
JARDINE— THE ELEMENTS OF THE PSYCHOLOGY OF COGNITION By 
Rev Bobhit Jardive, D Sc. 3rd Ed , revised Cr Svo Gs Gd 
HcOOSH— PSYCHOIOGY Cr 8vo I THF COGNITIVE POWERS Gs Gd 
II THE MOTIVE POWERS Bv James McCosit,D D .Prcsldentof Princeton 
College Gs Gd 

PSYCHOLOGICAL RE\ IEW Edited hy J M Cattele and Prof J M Bald- 
wra, M A , LL D Svo 3s net. 

POLITICAL ECONOMY 


BASTABLE —PUBLIC FINANCE. By C F Castable, Professor of Political 
Econo my I n the University of Dublin Svo 12s Cd not 
BOHM-BAWBRK.— CAPITAL AND INTEREST Translated 1» Wm 1A»1 Smart, 
M A 8vo 12s net. ’ 

„ ?S?J? 0Srr £ F ™ roRY OF CAPITAL. By the same. 8vo 12s net 

CAI 5^55.^; 1 S tE character and logical method op political 

ECONOMY ByJ E OxinvEs Cr 8vo 6s 

PRINCIPLES Or POLITICAL ECONOMY NEWLY EX 
POUNDED By the same Svo 14s 

CLARE -THE ABO OF THE FOBEIGN EXCHANGES Bv Gronor Clarp 
Crown Svo 8s net 

COimONS -DISTRIBUTION OF WEALTH Bj Prof J B Commons 

COSSA -INTRODUCTION TO THE STUDY OF POLITICAL ECONOMY Br 
Prof Luigi Cossa Translated hy L Dvcn. MA Cr 8vo 8s Gd ni»f * 
•FAWCETT— POLITICAL ECONOMY TOR BEGINNERS, WITH QUESTIONS. 

, By Mm Htsnv Fawcett 7th Fd Pott8vo Is Cd 1 1 ^ 

FAWCETT -A MANUALOFPOLITIOALECONOMY Bv theRIghtHon Hcvrt 
Fawcett. FB8 7th Ed , rev ised Cr Svo 12s b RT 

DIGEST of above Bj 0 A- Vattos.B A" Cr $\o 2m Cd 

“S5flE,“W” “» oron™ 

^elation to Social Reform By George Guktol Cr 810 
ECOSOMICM.U coJBered Bd„° 

- =»*« Wrs'S" 

THE THEORY OF POLITICAL FCONOMY^frd Ed* revised Svo 10s Gd 
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KEYNES —THE SCOPE AND METHOD OP POLITICAL ECONOJIT By 
J N Keynes, D Sc 7s not 

MARSHALL —PRINCIPLES OP ECONOMICS By Almild Marsuaj t, M A , 
Professor of Political Economy in the Univcrsitj of Cambridge 2\ols 8vo 
Vol I 2nd Ed 12a Cd net. 

ELBJIENTS OP ECONOMICS Or INDUSTRY Cr 8\o 8s 6d 
PALORAVE —A DICTIONARY OP POLITICAL ECONOJIY By various Writers 
Edited by R H Paloravf, P R.S Parts, 8s 6d cacb, net Vol I 21a not 
RAE —EIGHT HOURS I OR WORK. Bj J Rae, M A Cr 8vo 4s 6d not 
SEDGWICK. —THE PRINCIPLES OP POLITICAL ECONOMY By Hrnmv 
Sidqwici:, LL D , D 0 L , Kniglitbridge Professor of Moral Philosophy in the 
University of Cambridge 2nd Ed , rorised 8vo 16s 
SMART —AN INTRODUCTION TO THE THEORY OP VALUE By William 
Smart, M A Cron n Svo 3s net 

THOMPSON —THE THLORY OF WAGES B> H M Thompson Cr 8vo 8s 6d 
WALKER —Works b> Francis A Walkep, Jt A 
FIRST LESSONS IN POLITICAL BCONOJIY Cr 8vo 6s 
A BRIEF TEXTBOOK Or POLITICAL ECONOMY Or 8vo Cs Od 
POLITICAL ECONOMY 2nd Ed , revised and enlarged 8vo 12s Cd 
THE WAGES QUESTION Ex Cr 8vo 8s Od not. 

MONET Ex Cr Svo 8s Cd net 

WIOKSTEED —ALPHABET OF ECONOMIC SCIENCE ByP H Wiokbwed, 
MA Pnitl Elements of tbo Theory of Value or Worth G1 Svo 2a Gd 
WIESER— NATURAL VALUE By Prof T von WiESun Translated by 0 H 
Mallocu Edited by W Smart, M A Svo 10s neb 

LAW AND POLITICS 

BALL —THE STUDENT'S GUIDE TO THE BAB By W W House Ball, M A , 
rellow of Trinity College, Cambridge. 4th Ed , revise A Or 8vo 2s 6d 
BOUTMY -STUDIES IN CONSTITUTIONAL LAW B> Emile Boutmv 
Translated bj Mrs Dicey, with Prefaeo by Prof A V Dicey Or 8vo 6s 
THE ENGLISH CONSTITUTION By tlio same Translated by Mrs Eaden, 
with Introduction bj Sir F Pollock, Barb Cr 8vo Cs 
•BUOKLAND— OUR NATIONAL INSTITUTIONS By A. Buoklakd PottBvo is 
CHERRY —LECTURES ON THE GROWTH OF CRIMINAL LAW IN ANCIENT 
COMMUNITIES Bj R R Cherry, LLD Svo Ss nob 
DICEY —INTRODUCTION TO THE STUDY OF THE LAW Or THE CONSTITU 
TION By A. V Dioey, BOL 3rd Ed 8vo 12s 6d 
DILLON— LAWS AND JUBI8PRUDLNOE OF ENGLAND AND AMERICA. 

BjJT Dillok, LL D Svo 16s net 
HOLMES —THE COJIMON LAW Bj O W Holmes, Jun Domy Svo 12s 
JENKS— THEGOVERNMENTOFVICTORIA ByE Jfnkb, B A., LL.B 8vo 14a 
MUNRO — COMMERCIAL LAW (See Commerce, p 41 ) 

PHILLBSIORE —PRIVATE LAW ASKING THE ROMANS Trom the Pandects. 
Bj J G Phillimore, Q 0 8vo 16s 

PIKE —CONSTITUTIONAL HISTORY OF THE HOUSE OF LORDS By L O 
Pike 8vo 

POLLOOK.— ESSAYS IN JURISPRUDENCE AND ETHICS By Sir IYifpebick 
Pollock, Bart 8\o 10s Cd 

INTRODUCIION 10 THE HISTORY OF THE SCIENCE OF POLITICS 
Bythosamc Cr Bvo 2s Cd 

SIDGWIOK— THE ELEMENTS Or POLITICS By Ham SrocroiCK, LL.D 
8vo 14s not 

STEPHEN —Works bj Sir James Fitzjame3 Stepbem, Barb 
A DIGEST OF THE LAW OF EVIDENCE 6tbEd Or Svo Cs 
A DIGEST OF THE CRIJfTNAL LAW CRIMES AND PUNISHMENTS 4th 
Ed, revised 8vo lCs 

A DIGEST Or THE LAW OF CRIMINAL PROCEDURE IN INDICTABLE 
OFFrNGES B> Sir J P STErnEsr, Barb, and H St i then Svo 12s Cd 
A HISTORY OF THE CRIMINAL LAW OF ENGLAND Svois Svo 48s 
A GENERAL VIEW OF THE CRIJHNAL LAW OF ENGLAND Svo 14s 
* WYATT —THE ENGLISH CITIZEN, HIS LIFE AND DUTIES By C H 
Wv att, Clerk to tlio Manchester School Board 2nd Ed G1 8vo 2s 
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ANTHROPOLOGY 

TTLOR —ANTHROPOLOGY lSrlLD Trutit, r ILS , Reader in Anthropology 
'ti the LnhersHyo f Oxford Illu<dntcd tr {in “# fl 

EDUCATION. 

ARNOLD — RFPORTS OS I LEMI NTARY hCIlOOLS 3P-STSS2 ry’I*rrnn» 
Aro.t)t» Mitoa. b> I/trd Sx-roronn Cr Svo 3.1 ( J 
HiGtira SCHOOLS ASD OMVIRSrrirs LN OFM»aM Br thi ram-. 
Crows Mo C° 

A FRFNCH ITON, AND IHGHER SCHOOLS AND trMWJlMTjrs IN 
FR \NCE. Bytborame Cr Svo (H 
BALL -THE STUDENTS GUIDF TO TUB BAIL (W Law, p -« ) 
♦BLAKISTON—THL TLiCIIFR XU-j^ on & htttl M-nupmcot I)r J It 
lit \r««ov fl M I S Cr Svo S< M 

GALDEP.WOOD -ON TL ACHING By Prof. H C*t mr.« 001 . f?L Sro “« « 
FEARON -SCHOOL rNSITCTlON BrD IU r«io\ fib J f C~ Sro S* Ct 
FITCH -NOTES ON AMERICAN SCHOOLS AM) TRAINING COI U GF^ 
ItvJ O Fitch. ML LL.T) 01 gvn St Cd 
GBIKIE -THL TF ACHING OF C.FOGRAl’U V fOe Oc-JT-pliy. t « ) 
GLADSTONE -SPFLLINO !« FORM I ROM A N VTION AL prlj NT OF \ ITM 
ByJ II GtABs-rrAr 0* tro l« (4 

HERTEL.-0\FHPUFSNUm. I.N aiOB SCHOOLS IN »I NMARE By Dr 
Hritrr . Introd by Sir T Cj fonro't Rr^tr*'r, F R v Cr E-o S-» tA. 
RECORD OF TECHNICAL AND 6EG0NDAFY EDUCATION Qn-ru-tr Svo 
bcneJ, 2« Cd net Fart I Nor lfij 

TECHNICAL KNOWLEDGE. 

Cl-B nnfl Mechanical XiiElniwrinsc, MJlitaiy ana Naval Stfsaeo 
Agriculture , Domestic Economy , Bygtaao; Ccmane-co, Technology 

CIVIL AND MECHANICAL ENGINEERING 

ALEXA).DEH-TH 0 JIS O.N-ErFMFNTAm APPLITD MECHANICS. ' {<* 

BX3.JAM0X — MOOrnv MECHANISM Ly F I.tojvin tnr. n-r. cn, .... 

CH ALMEfia-on.v rrnc «. dftfrmixaVion 01 forges $n i vcivnrs 

rtnimimwt OCTDRES It \ J IS CltAl J£Er% C F IJUlt'—'Vnl Cif, 
COTTERXLL.~Am.lED )J1 CHANXC-S f.y?n «7) * 4 ' 

B> 

FnoxM S 0 l (ir OF Tnt ***** ^TNF AND OTIIriv 

-? AT ,s * nnATI0N TO 
cuIgJ'ating 

GTnnras, ai'Oxies fthains on 

military and naval science* 

i* 

mattbews? —manual or 4 LOG\ bxthvs * VI 

KAORICE — TTAXL RrCd (1 r vli V— n MatlwroiaUt*-, p 5 < ) 
KFRCCP -1 LEMEVK OF Tni ^KUPOr^Si 1 ? * ,J TO * «t 

Caa.UofthoUruWSUtMMUiteAK 
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PALMER —TEXT BOOK OP PRACTICAL LOGARITHMS AND TRIGONO 
METRY (See Mathematics, p 24 ) 

ROBINSON — TRrATISE ON MARINE SURVEYING Tor lounger Natal 
Officers By Rbv J L Rohinson 2nd Ed Or Svo ?» Od 
SANDHURST MATHEMATICAL PAPERS (See Mathematics, p 25 ) 
SHORTHAND —NAUTICAL SURVEYING By Vico Adm Shoutiaot 8vo 21s 
WOLSELEY — ' Works hi Goncrnl Viscount Wolselct, G 0 M G 
THE SOLDirR'S POCKET BOOK TOR FILLD SERVICE ICmo Roan 6s 
FIELD POCKET BOOK FOR THE AUXILIARY FORGES 16mo Is Cd 
WOOLWICH MATHEMATICAL PAPERS (See Mathematics, p 25 ) 

AGRICULTURE AND FORESTRY 

FRANKLAND —AGRICULTURAL CHEMICAL ANALYSIS By P F Tramc- 
eand, F R S , Prof of Chomistty, Unh ersitj Collego, Dundee Or S\o 7s Cel 
HARTIG— TEXTBOOK OF THE DISEASES OF 2RLE3 By Dr Ronerr 
Hartio Translated by TVit Somerville, BS,D(K, Professor or Agriculture 
and Forestry Durham Oollego of Science 8\o fin the Press 

LASLETT —TIMBER AND TIMBER 2 REES, NATIVE AND FOREIGN Bj 
Thomas Lasleit (New Fdition in the Press 

LAURIE— A PRIMER Or AGRICULTURAL CHEMISTRY, OR THE FOOD 
OF PLANTS By A P LAunir, M A Pott Svo Is 
MUIR — MANUAL OF DAIRY -UORK By Professor James 3Iuir, Yorkshire 
College, Leeds Pott Si o Is 

NIOHOLLS— A TEXTBOOK OT TROPICAL AGRICULTURE By H \ 
Atford Nicrolls, 31 D Illustrated Crown 8vo Cs 
NISBET —BRITISH FOREST TRFrS AND THLIR AGRICULTURAL CHAR 
AOTERIS1ICS AND TREATMENT By Jons Nikiiet, D CD , or the Indian 
Forest Service. Or Svo fit net 

SOMERVILLE —INSECTS IN HELATION TO AGRIOULTUHE Bj Dr W 
8ournvii,tr PottSvo [In preparation. 

SMITH — DISEASES OF TIELD AND GARDEN CROPS, chiefly such as are 
caused bj Fungi By Wortiim orov 0 Smith, I" L S Fcap Bro 4s Cd 
TANNER —‘ELEMENTARY LLSSONS IN THE SCIENCE OF AGRICULTURAL 
PRACTICE. Bj Hesri Tanner, F 0 b , 31 R A O , Examiner in Agriculture 
under the Sclenco and Art Department, reap Svo 8s Cd 
•HRST PRINCIPLES Or AGRICULTURE Bythosamc Pott8vo Is 
- 1 HE PRINCIPLES Or AGRICULTURU Tor uso In Elementary Schools By 
the same Er fcap 8vo I 2 ho Alphabet. Cd II Further Steps Is 
III Elementary School Readings for the Third Stage. Is 
WARD —TIMBER AND S03IE OF ITS DISEASES By H Markitall Ward, 
F R S , Prof of Botany, Roj Ind Fngln Coll Coopers Hill Or Svo Cs 
WRIGHT —A PRIMER OF PRACTICAL HORTICULTURE Bj J Wright, 
F R H 8 Pott 8vo Is 

DOMESTIC ECONOMY 

•BARKER -FIRST LESSONS IN THE PRINCIPLES OF COOKING By Lads 
Bai ker. Pott Bio Is 

‘BARNETT— OWEILL —A FRIMI R Or DOMESTIC ECONOMY Bv E A 
Barnett and H 0 ONrtiu PottSvo Is 
•COOKERY BOOK —THE MIDDLE CLASS COOKERY BOOK. Edited bj the 
Manc hester School of Domestic Cookery Fcap Svo is Cd 
GRAVEN — A GUIDE TO DISTRICT NURSTS Bjiirs Cravfv Or 8vo 2s Cd 
• GRAND’HOMME — OUTTIN G OUT AND DRESS MAKING From the Trench of 
3tdIIe E Grand npMME. With Diagrams Pott Si o Is 
•GRENFELL.— DRESSMAKING A Technical Sinnual for Teachers By Sire 
H8nrt Grfnfem- With Diagrams PottSvo Is 
JEX-BLAKE — 21HE OARE Or INFANTS A Hanusl for Mothers and Nnrses 
By SorziiA Jrx Blart, 3r D Pott Svo Is 
ROSEVEAR — JIANUAL OF NEEDLEWORK Bj E Rosevear, Lecturer on 
Needlework, Training Collcgo, Stockn ell 2nd Ed Cr Svo Cs 
NEEDLEWORK FOR THE SI ANDARDS St. IV Cd , Ft V Sd St VI A VII Is 
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•TEGETMEIER —HOUSEHOLD MANAGEMENT AND COOKERY Compiled 
for the London School Board ByW B TEOETUErEn Pott 8vo Is 
•WRIGHT -THE SCHOOL COOKERY BOOK. Compiled and Edited by 0 E 
- Guthrie Wbiqiit, Hon Seo to Edinburgh School of Cookery Pott 8vo Is 

HYGIENE 

•BERNERS —FIRST LESSONS ON HEALTH By J Berners Pott 8vo Is 
BLYTH— A MANUAL OF PUBLIC HEALTH Bj A. Wynter Bltth, 
MB.C S 8\o I7s net 

LECTURES ON SANITARY LAW Bythosame 810 8s 6d net 
MTBRS— OROSSKEY —THE SOIL IN RELATION TO HEALTH By H. A 
Mierb, MA-, FGS.FCS, and R. Crosskei , M A, D P H. Cr Sto 8s 6d 
REYNOLDS — A PRIMER OF HYGIENE By E S Reynolds, M D , Victoria 
University Extension Lcctnrorm Hjgiono PottSvo Is 
WILLOUGHBY —HANDBOOK OF PUBLIC HEALTH AND DEMOGRAPHY 
By Dr E F WiLiouamiY Fcap 8vo 4s Cd 

COMMERCE 

MACMILLAN’S ELEMENTARY COMMERCIAL CLASS BOOKS Edited by 
Jam es Gow, Lltt D , Headmaster of the High School, Nottingham Globo 8vo 
•THE HISTORY OF COMMERCE IN EUROPE Bj H de B Gibbins M A 
8s Cd 

COMMERCIAL GEOGRAPHY By E C K Conner, M A Professor of Poll 
tical Ecooomy m University College, Liverpool [In preparation. 

•COMMERCIAL ARITHMETIC B> S JACKSON, M A 3s Cd 
THE STUDENTS MANUAL Or BOOKKEEPING By J Thornton 

Byr Coverlet Smith, BA J I ^ repaTatim 
COMMERCIAL FRENCH By James B Payne r/n nrevaraiion 

•COMMERCIAL SPANISH By Prof Dw.no™ Instructor, HMS^SS”, 
Jjartmoutn. 3s Ga ’ 

•COMMBRCTAL LAW By T E C Mci.ro, LL D , lato Professor of law and 
Political Economy In tho Owens College, Manchester 8s Gd 

TECHNOLOGY 

^ DESIGN DyWA.SBEi.soi. 

BUI lSte? 0C S SH0E MA1TOFA0T UHE By C W B Burdett 
•DEGERDON —THE GRAMMAR OF WOODWORK By W E Dfoerdon 

^sf , 5iass , 8?'gsvv^ yfk“ ■“•», 2 !“ 

as »»» 

VKJKBRMAN— WOOLLEN SPINNING By Charles Yickerman Illustrated 

GEOGRAPHY. 

(See also PHYSICAL GEOGRAPHY v 32 ) 

W'r KTABI ““ aA iy B „ 

•MACMILLAN’S SCHOOL ATLAS, PHYSICAL »wn pat -mm i t on 

f s B 

84MansandIndcstninonnnnii.n.. ttS. B y the same 



•CLARKE 

.. I, .? ICIUnD Ubeek. LL D , and A 8 Green WkS IS ^! AJ?D S. By John 
•GROVE -APRIMER OF G E0 Gr1p^% 8 ^S Gr ^P ^ttSvo Is 
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KXEPERT —A MANUAL OF ANCIENT GEOGRAPHY By Dr H Kibpebt 
C r 8vo 8 s 

MACMILLAN’S GEOGRAPHICAL SERIES —Edited by Sir Archibald Geikie, 
F R.S , Director Geueral of tlie Geological Survey of the United Kingdom 
•THE TEACHING OF GEOGRAPHY A Practical Handbook for the Use of 
Teachers By Sir Archibald Geikie, F B S Cr 8\o 2s 
•MAPS AND MAP DRAWING By IV A Elderton Pott 8vo Is 
•GEOGRAPHY OF THE BRITISH ISLES Bj Sir A Geikie, F R S PottSvo Is 
•AN ELEMENTARY CLASS BOOK OF GENERAL GEOGRAPHY By H B 
Mill, D Sc Illustrated Cr Svo 3s Od 
•GEOGRAPHY OF EUROPE ByJ Sime, M A Illustrated Gh Svo 8s 
•ELEMENTARY GEOGRAPHY OF INDIA, BURMA, AND CEYLON Bj H 
F Blanford, F G S G1 8vo 2s Od 

GEOGRAPHY OF NORTH AMERICA By Prof N S Shaler. [In preparation 
•ELEMENTARY GEOGRAPHY OF THE BRITISH COLONIES By G M 
D awbon , LL D , and A Sutherland Globe Svo Ss 
STRACHEY — LECTURES ON GEOGRAPHY By General Richard Stiiachev, 
RE Cr 8ro 4s 6d 

SUTHERLAND —GEOGRAPHY OF VICTORIA By A Sutherland Pott 
8ro Is 

GENERAL GEOGRAPHY For use in Elementary Schools In Victorln By 
the same [In the Press 

TOZEB —A PRIMER OF CLASSICAL GEOGRAPHY By H. F Tozer, M A 
Pott 8vo Is 

HISTORY. 

ARNOLD —THE SECOND PUNIC WAR (See Classics, p 11 ) 

ARNOLD —A HISTOBY OF THE EARLY ROMAN EMPIRE (Seep 111 
•BEESLY— STORIES FROM THE HISTORY OF ROME (Seep 12) 

BRYCE —THE HOLY ROMAN EMPIRE By Right Hon James Brice, M P , 
D C L Cr 8vo 7s 6d Library Edition 8vo 14s 
•BUCKLEY —A HISTORY OF ENGLAND FOR BEGINNERS By Arabella 
B Buckley With Maps and Tables G1 Svo 3s 
BURY —A HISTORY OF THE LATER ROMAN EMPIRE TROM ARCADIU8 
TO IRENE (See Classics, p 12 ) 

OASSEL —MANUAL OF JEWISH HISTORY AND LITERATURE By Dr D 
Oassel Translated b y Mrs Henry Lucas Fcap 8vo 2s 6d 
ENGLISH STATESMEN, TWELVE Cr 8vo 2s 6d each 
William the Conqueror. By Edward A Fpeeman, D C L , LL D 
Henry H By Mrs J R Green 
Edward I Bj Prof T F Tour 
Henry VII By James Gairdner 
Cardinal Woisey By Bishop Creighton 
Elizabeth. By E S Beesly 
Oliver Cromwell. By Frederic Harrison 
William III B> H D Traill. 

Walpole. By John Morley 

Chatham By Jobn Horlfy [In jn eparatton 

Pitt By Earl of Rosebebv 

Peel. ByJ R Thurspield [University 

FISKB — Works by John Fibre, formerly Lecturer on Philosophy at Harvard 
THE CRITICAL PERIOD IN AMERICAN HISTORY, 1783-1780 10s 6d 
THE BEGINNINGS OF NEW ENGLAND Or Svo 7s 6d 
THE AMERIOAN REVOLUTION 2vols Cr 8vo 18s 
THE DISCOVERY OF AMERICA 2 vole Cr 8vo 18s 
FREEMAN — Works by the late Edward A Freeman, D C L 
•OLD ENGLISH HISTOBY With Maps Ex fcap 8vo Os 
METHODS OF HISTORICAL STUDY 8vo 10s 6d 
THE CHIEF PERIODS OF EUROPEAN HISTORY Svo 10s Od 
HISTORICAL ESSAYS 8vo First Scries 10s Od Second Senes 10s 6d 
Third Senes 12s Fourth Senes 12s Od 
THE GROWTH OF THE ENGLISH CONSTITUTION FROM THE EARLIEST 
TIMES 5th Ed Cr 8vo 6s 
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WESTERN EUROPE IN THE FIFTH CENTURY 870 tin the Press 

WESTERN EUROPE IN THE EIGHTH CENTURY 8s 0 [In the Press 

GREEN —Works by Jons Richard Green, EL D 
«A SHORT HISTORY OF THE ENGLISH PEOPLE Cr 8to 8s Od 
♦Also to Foot Parts "With Analysis Crown 8vo 8s each Part I 607-1288 
Part II 1265-1610 Part HL 1540-1689 Part IY 1060-1878 
Illustrated Edition Med. 8vo In S vols 12s each, net 
HISTORY OF THE ENGLISH PEOPLE In four vols 8vo ICs each 
VoL I —Early England, 449-1071 , Torelgn Kings, 1071-1214 , Tho Charter, 
1214-1291 , The Parliament, 1807-1461 8 Maps 

Yol n —The Monarchy, 1461-1540 , The Reformation, 1540-1603 
Vot III — Pantan England, 1603-1660 , Tho Revolution, 1660-1683 4 MapB 

Yol. IY —The Revolution, 1688-1760, Modem England, 1760-1815 
THE MAKING OF ENGLAND (440-829) With Maps Svo 16s 
THE.CONQUESTOFENGLAND (758-1071) I) ith Maps and Portrait. 8vo 18s 
♦ANALYSIS OF ENGLISH HISTORY, based on Green a “ Short History of the 
English People " ByO W A-Tait, 3IA. Crown 8a 0 Ss 6d 
♦READINGS IN ENGLISH HISTORY Selected by J R Greet Three Parts 
GL 3 vo Is 6d each. I Hcngist to Cressy II Cressy to Cromwell III 
Cromwell to Balnklava 

GREEN— TOWN LIFE IN THE FIFTEENTH CENTURY By Alice Stop 
ford Greer 2 vols Svo S2s 

GUEST— LECTURES ON THE HISTORY Or ENGLAND By M J Guest 
With Maps Cr Svo Cs 

HISTORICAL COURSE FOR SCHOOLS —Edited by E A. rPEnuu Pott 8vo 
GENERAL SKETCH OF EUROPEAN HISTORY ByE A. Treeman 3s 6d 
HISTORY OF ENGLAND By Edith Thompson 2s Gd 
HISTORY OF SCOTLAND By Margaret Macabthur. 2s 
HISTORY OF TRANCE By Charlotte M Yokoe. Ss Cd 
HISTORY OF GERMANY Bj J Sntr, M.A. Ss 
HISTORY OF ITALY By Rev W Hu r, M A. 8s 6d 
HISTORY OF AMERICA. By Jonv A. Doyle. 4s. 6d 
HISTOR1 Or EUROPEAN COLONIES By E J Patve, M A. 4s 6d. 
•HISTORY PRIMERS —Edited by John Richard Green, LL.D Pott 810 is each. 
HOME By Bishop Creioktov 

GREECE By O A. Ftite, M A., intc rellow of University College, Oxford 
EUROPE By E A. Freeman, D C L. 

FRANCE By Charlotte M. Yovoe. 

ROMAN ANTIQUITIES By Prot Wilkins, Litt D Illustrated 
GREEK ANTIQUITIES By Rev 3 P Mahaitv, D D Illustrated 
GEOGRAPHY By Sir G Grove, D O L Map3 
CLASSICAL GEOGRAPHY Bj H F Tozeil M A. 

ENGLAND By Arabella B Beckett 

ANALYSIS OF ENGLISH HI8TOBY Bj Prof T F Tout.M A 
rNDIAN HISTORY ASIATIC AND EUROPT AN By J Talbovs Wheeler. 
H °LE -A GENEALOGICAL STEMMA Or THE KINGS OF ENGLAND AND 
„ FRANCE By Rev O Hole. On Sheet. Is 

HOUJ.— HISTORY OF GREECE By Prof A Holm. Authorised Translation 

4 vols Extra Cr Svo (Vol I in the Pros 

JENNINGS —CHRONOLOGICAL TABLES OF ANCIENT HISTORY By Rev 
.. A.C JENMtOS SVO 5s 

LABBERTON —NEW HISTORICAL ATLAS AND GENERAL HISTORY By 
R H . Imbeep.tov 4to 16s 

LETHBRIDGE -A SHORT MANUAL OF THE HISTORY OF INDIA. With 
a IT . ,S - Sir R° per Letubridoe Cr Svo 6s 

INDIA New Edition (1893 ) Cr 8vo 2s sewed Is fid 
MAUMHiLAlPS HISTORY READERS Adapted to the New Code, 1894 'oi 8 vo 
! v ) Book II lod Book III is Book IV Is Sd Book 
„ V Is 6d. Book YI is Od Book VII Is Cd 

MAB ^F_~0REEK LIFE AND THOUGHT FROM THE AGE Or at.v.t 
_ ANDER TO THE ROMAN CONQUEST (See Classics n is v A 

GREEK WORLD UNDER ROMAN SWA? (See Classics n 13 V 
PROBLEMS IN GREEK HISTORY (See assies, p 18 )’ * 
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MARRIOTT —THE MAKTBS Or MODERN ITALY Mazzim, CAYOvn, GAn 
raldi Bj J A R JIakriott, M A. Cr Svo li Ct! 

MICHELET — A SUMMARY OF MODERN HISTORY ByM MiontLCT Trans- 
lated by M 0 SI Srsirsov Q1 8v o 4s Gd. 

NORGATE —ENGLAND UNDER 1 HE ANGEVIN KINGS. Bj Kate Noroate. 

With Slaps and Plans 2to1s Svo 32s 
OTTE —SCANDINAVIAN HISTORY B> E 0 OrrL With Maps. GI Svo 6s 
RHOADES —HISTORY OP THE UNIT ED STATES. 1850 18S0 By J F 
RnOADEK. 2 VOls 8v o 24s 

SHUOKBURGH. — A SCHOOL HISTORY OP ROME (Seep 18) 

SEELEY— THE EXPANSION Or ENGLAND By Sir J B. Seeley, Regius 
Professorof Modem History in tlio Unhcrsityof Cambridge Cr Svo 4s.Gd 
OUR COLONIAL EXPANSION Extracts from tho above Cr Sro Sewed Is 
SEWELL— YONGE — EUROPEAN HISTORY Selections from tho Best Author 
ities Edited by E II Sewfll nnd 0 M Yovge. Cr 8to First Senes, 
1003-1154 Gs Second Senes, 10SS-1228 Gs 
SMITH —THE UNITED STATES AN OUTLINE OF POLITICAL HISTORY, 
1402-1871 ByGou>im Suits, D CL Cr Svo 8s 6& 

STEVENS —SOURCES Or THE CONSTITUTION Or UNITED BTATES By 
C E Stevens, LL D Cr 8vo 6s Gd net. 

*TAIT —ANALYSIS OF ENGLISH HISTORY ( See under Greon, p 43 ) 
WHEELER — ' WotLs by J Talbots Wueeler. 

•A PRIMER OF INDIAN HISTORY Pott 8vo Is 

♦COLLEGE HISTORY OF INDIA With Maps Or Svo 8s , sewed, 2s Gd 
A SHORT HISTORY OF INDIA AND Or THE FRONTIER STATES OF 
AFGHANISTAN, NEPAUL, AND BURMA With Maps Cr Svo 12s. 
YONGE —Works by Charlottf M Yoloe 
CAMEOS FROM ENGLISH HISTORY Ex. fcap Svo 5s each 0) 
From Rollo to Edward n (2) The Wars In France. (8) Tho Wars of the 
Roses (4) Reformation Times (6) England and Spain (6) Forty Years of 
Stunrt Rule (1603-1643) (7) Rebellion and Restoration (1042-1678) 

THE VICTORIAN HALF CENTURY Or Svo Is 6d sowed, Is. 

ART. 

•ANDERSON —LINEAR PERSPECTIVE AND MODEL DRAWING With 
Questions and Exercises By Laurence Anderson Hlustrated Svo 2s 
BENSON —See Technology,!) 41 

COLLIER — A PRIMER OF ART By Hon John Collier. Pott Svo Is 
COOK— THE NATIONAL GALLERY, A POPULAR HANDBOOK TO By 
E T Cook, with preface bj Mr Rubkin, and Selections from bis Writings. 
4tli Ed , 1S93 Cr Bvo Half mor , 14s 

DELAMOTTE —A BEGINNERS DRAWING BOOK. By P H Delamotit, 
rs A. Progressively arranged Or Svo Ss Cd 
ELLIS —SKETCHING FROM NATURE A Handbook Bj Tristram J Ellis. 

Illustrated by H Stacv MArns R A, and the Author Cr Svo 8s 6d 
GROVE —A DICTIONARY OF MUSIC AND MUSICIANS 1450-1SS9 Edited 
bj Sir Gforoe Grove 4vols 8vo 21s each INDEX 7s 6d 
HUNT —TALKS ABOUT ART By Wiluam Hunt Cr Svo Ss 6d 
HUTCHINSON —SOME HINTS ON LEARNING TO DRAW By G W C 
Hotohinsov, Art Master at Clifton College. Sup Roy Svo Ss 6d 
LETHABY — See under Technology, p 41 

MELDOLA —THE CHEMISTRY OF PHOTOGRAPHY By Raphael Meldola, 
r R S , Professor of Chemistrj in the Technical College, Finsbury Cr Svo 6s 
TAYLOR— A PRIMER OF PIANOFORTE PLAYING By F Taylor Pott 
8vo la 

TAYLOR— A SYSTEM Or SIGHT SINGING FROM THE ESTABLISHED 
MUSICAL NOTATION By Sedley Taylor, M A. Sro 6s net. 
TAYLOR— DRAWING AND DESIGN Bj E R Taylor, Principal of the 
Birmingh am School of Art Illustrated Oblong Cr Sro 2s 6d 
TYRWHITT —OUR SKETCHING CLUB Lettera and Studies on landscape 
Art ByRey R Sr JonuTrBWHnT With reproductions of the Lessons and 
WoodcntsinMr Buskin’s “Elements of Drawing’ Or 8ro 7s 6d 
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DITTINITY. 

The Bible , History of the Christian Church , The Church of 
England , The Fathers , Hymnology 
THE BIBLE 

Hrslory of Iht Bible — THE ENGLISH BIBLE , A Critical History of the various 
English Translations By Pro' Join. Eadie. 2 \o!s Svo 2S3 
THE BIBEE IN THE CHURCH By Bight Bov B P IVestcott, Bishop of 
Barham 10th Ed Pott Svo 4s Gd 

Biblical HUtoni — BIBEE EESSOKS By Bov B A Abbott Cr 8vo 4s 6d 
SIDE-LIGHTS UPON BIBLE HISTOH1 By Mrs Srovnt Bcsrov Cr Svo 5s 
STORIES FROM THE BIBEE By Bov A. J CnonniL HloStrated Cr 
Svo 2 parts Ss. Cd each 

’BIBLE HEADINGS SELECTED FROM THE PENTATEUCH AND THE 
BOOK OF JOSHUA By Pov J A. Cross G1 Svo £s Cd 
•THE CHILDREN S TREASURY OF BIBLE STORIES By Mis H. Gaseoin 
P ott Svo Is. each. Part I Om TcsTAimiT Part II Hew Testamint 
P art III TheApostlis. 

•A CLASS BOOK OF OLD TESTAMENT HISTORY By Rev G F SUc«Ar, 
DD Pott 8vo 4s Gd 

*A CLASS-BOOK OF NTW TESTAMENT HISTORY PottSvo 5s. Cl 
•A SHILLING BOOK Or OLD TESTAMENT HISTORY Pott8vo Is. 

•A SHILLING BOOK OF NEW TESTAMENT HISTORY' PottSvo Is 
•SCRIPTURE READINGS FOR SCHOOLS AND I AMILIFB By C Si 
Yo'.oe. Glolic 6vo Is Cd. each, also with comments, 3s Cd each 
Genesis to DruiEnosovir Josuca to Sotovov Ku.cs and the Pbopiieis 
T iiE Gospel Times Apostolic Times. 

Tto -THE PATRIARCHS AND LAWGIVERS Or THE OLD 

TESTAMENT By F D Maepice. Cr 6vo Bs Gd 
THE PROPHETS AND KINGS Or THE OLD TESTAMENT By the game 
Cr S-o Ss Cd 

THE CANON OF THE OLD TESTAMENT By Rev H E Lvle. D D 
Hn kean Professor of Divinity in the University or Cambridge. Cr Svo Os’ 
THE EARLY NARRATIVES OP GENESIS. By the game Cr Svo is net 
OFfflF OLD TESTAMI NT By A. P Kipkpatpicf. 
M A, Professor of Hebrew In tho Univ ersPy of Cambridge Cr Svo 3s net 
The Fcntat'iuji — AN HISTORIC© CRITICAL INQUIRY INTO THE ORIGIN 
^COMPOSITION OF THE PENTATEUCH AND BOOK OF JOSHUA 
By Prof AKddp. Trans byP H Wicksteeh, 31 A. Svo 14s 

HoSOUWwSS' ARRANGED* By Form 

xillKJtDo CT oYO 5 S OCt tn 4 ij I 

GOLDEN TREASURY PSALTER Students Edition of above 

t 7TE5S H 8& D JE? t g D l !* 0F ^ ^ALMS By Rev 

^A^^^^Sv^s^^ 0 ^ Pr0l,hedes oUied by 

IS AIAH OF JERUSALEM In tho Authorised !■ nilMi v«n(an , v i#a. *• a 
dnetion and Notes Bv the same Cr Svo 4a ftT V ° ’ wlth &tro ' 
BIBLE READING 10R SCHOOLS,— THE GREAT PROWrpr*v nr. 
ISRAELS RESTORATION (Isaiah, Chartoa iltal l iSJ 
Edited for Young Learners By the same PottSvo 2* ' wanged and 
COMMENTARY ON THE BOOK OF ISAIAH CRITICAL mwnmn.T 
AND PROPHETICAL, with Translation By T R Brad ' 

<H»°Kor<WuA *b 8XUSB ifA. 

f is"' 

pS e "f*Svo D fa TBII,E 0F THE ^BOPHETS By Pra f A. F 
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The New Testament —THE HEW TESTAMENT Essay on the Bight Estimation 
of MS Evidence in the Text of the New Testament Bj T B. Buss, Cr 
S\o 8s. 6d 

THE MESSAGES OF THE BOOKS. Disconrses and Notes on the Boohs of 
the New Testament By Archd. Farrar. 8vo 11 s 
GREEK- ENGLISH LEXICON TO THE NEW TESTAMENT By W J 
Hi ckie. M A Pott 8vo 8s 

THE OLASSIOAL ELEMENT IN THE NEW TESTAMENT Considered as a 
proof of its Genuineness By 0 H Hoolr. Svo 10a. Od 
ON A FRESH REVISION OF THE ENGLISH NEW TESTAMENT By 
Bishop LioirrrooT Or Svo 7s Od 

THE UNITE OF THE NEW TESTAMENT By F D Maurice. 2 vols 
Cr 8vo 12s 

A GENERAL SURVEY OF THE HISTORY OF THE CANON OF THE NEW 
TESTAMENT DURING THE FIRST FOUR CENTURIES By Bishop 
Westcott Cr 8vo 10s 6d . 

THE NEW TESTAMENT IN tfHE ORIGINAL GREEK. The Text revised 
by Bishop Westcott, D D , and Prof F J A Hort, D D 2 vols Cr 8vo 
10s. 6d each. Yol. I Text Vol IL Introduction and Appendix. 

SCHOOL EDITION OF THE ABOVE Pott Svo Is Od , roan, 5s Cd , morocco 
gilt edges, 6s Gd 

The Gospels —THE COMMON TRADITION OF THE SYNOPTIC GOSPELS, in the 
Text of the Revised Version. By Rev E A Abbott and W G Rushbrooke. 
Cr 8yo 8s 6d 

SYNOPTICON AN EXPOSITION OF THE COMMON MATTER OF THE 
SYNOPTIC GOSPELS ByW G Rushbhooke. Printed in Colours In six 
Parts, and Appendix. 4to Part I 8s Od Parts H and IIL 7s Parts IV 
V and VI , with Indices, 10s Od. Appendices, 10s 6d Complete in 1 voL 85s 
11 Indlspensahlo to a Theological Student "—The Cambridge Guide 
FSSAYS ON THE WORK ENTITLED “SUPERNATURAL RELIGION ’ A 
discussion of the authenticity of the Gospels By BiBhop Liqutfoot 2nd Ed 
8\o 10s Gd. ' 

INTRODUCTION TO THE STUDY OP THE FOUR GOSPELS By Bishop 
We stcott Cr 8vo IQ s Od 

THE COMPOSITION OF THE FOUR GOSPELS By Rev A Wrioht Cr 
8vo 5s [Ss net 

THE SYNOPTIC PROBLEM TOR ENGLISH READERS By A J Jolly 
THE AKHMIM FRAGMENT OF THE APOCRYPHAL GOSPEL OF ST 
PETER With an Introduction, Notes, and Indices By H B Swete, D D , 
LittD Svo 5s net 

The Gospel according to St Matthew —"THE GREEK TEXT, with Introduction and 
Notes by Rev A Sloman Fcap 8vo 2s Cd 
CHOICE NOTES ON ST MATTHEW Drawn from Old and New Sources. 
Cr 8vo 4s Od (St Matthew and St Mark In 1 vol 0s ) 

The Gospel according to St Marl —‘SCHOOL READINGS IN THE GREEK TESTA- 
MENT With Notes and Vocabulary, bj Rev A Calvert Fcap 8vo 2s 0d 
THE GREEK TEXT, with Introduction and Notes By Bov JOT 
Murray, M A [In preparation 

CHOICE NOTES ON ST MARK. Cr 8\o 4s 6d 
The Gospel according to St. I/iihe.—* THE GREEK TEXT, with Introduction and 
Notes by Rev J Bond, M A Fcap Svo 2s Od 
CHOICE NOTES O N ST LUKE. Cr 8vo 4s„6d. 

THE GOSPEL OF THE KINGDOM OF HEAVEN A Course of Lectures on 
the Gospel of St Luke By F D Maurice Cr Svo 8s Od 
The Gospel according to St. John , — THE GOSPEL OF ST JOHN By F D 
Maurice. Or 8vo 8s 6d 
OHOIOE NOTES ON ST JOHN Cr Svo 4s 6d 
The Acts of the Apostles —‘THE GREEK TEXT, with Notes by T E Face, M A 
Fca p 8vo 8s Od 

THE ACTS OF THE APOSTLES By F D Maurice. Or Svo 8s. Cd. 

THE OHUROH OF THE FIRST DAYS THE CHURCH OF JERUSALEM, 
THE OHUROH OF THE GENTILES, THE CHURCH OF THE WORLD 
By Very Rev O J Vaughan Cr 8vo 10s Od. 
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THE OLD SYRIAC ELEMENT IN THE TEXT OF THE CODEX BEZAE. By 
Rev F H. Chase. Svo 7' Cd. net 

Tm Ejti'Ju o fSU P&ul- THE EPISTLE TO THE HOMANS. The Greek Text, -with 
English Notes By the Very Her C J \acchias. 7th Ed. Or 8vo, 7s 6d 
THE EPISTLES TO THE CORINTHIANS Greek Text, with Commentary 
By Her .77 Eat 6vo 93 

THE EPISTLE TO THE GALATIANS A Revised Text, with Introduction, 
Notes and Dissert ation s By Bishop LiairrrooT 10th Ed. 8vo 12s 
THE EPISTLE TO THE PHILIPPIANS A Ro\ ised Text, with Introduction, 
Notes, and Dissertations B> the same Bro 12s. 

THE EPISTLE TO THE PHILIPPIAN’S 171 th Translation, Paraphrase, and 
Nobs for Enclish Headers By ten Hev 0 J Valcitav Cr Bro 6s 
THE EPISTLE TO THE COLOSSIAN’S AND TO PHILEMON A Hevfccd 
Text with Introductions, etc. B> Bishop Ltgottoot 9th Ed Bio 12s. 
THE EPISTLES TO THE FPHESIANS, THE COLOSSIANS, AND PHILE 
MON With Introduction and Notes By Her J Lf. Dawes. 810 7s 6d 
THE FIBST EPISTLE TO THE THESSALOMANfa By Very Hoi O J 
Vacoha* Svo Sewed, Is 6d 

THE EPISTLES TO THE THESSALON’IANS Commentarj on the Greek 
Text By Prof Jons Eadie. Svo 12 s. 

INTRODUCTORY LECTURES ON THE TPISTLES TO THE HOMANS AND 
TO THE EPHESIANS- By the late Prof Hoi-t Cr Sio {In preparation 
Ttt ’Epts'U c/St. Jarjs —THE GREEK TEXT, with Introduction and Note* By 
Her Joseph B Mayor. 8ro Ids 

ThtFfjsHacfSt John —THE EPISTLES OT ST JOHN By F D .MAtmiCn 
Cr $10 Ss Cd 

THE GREFK TEXT, with Notes. By Bishop Warrcorr 2nd Fd. 8vo 12s. Cd 
ThtTjnstlc to (he Hebrews — GREEK AND ENGLISH IditcdbyRev F Rktoai i. 
Cr 810 Cs 

ENGLISH TENT with Commentary By the same. Cr 8vo 7a Cd. 

THE CHEEK TEXT, with Notes B) Yeiy Hev 0 J Yacoha'. C- Svo 7s Cd 
THE GREEK TFXT, with Notes and Essay*. By Bishop TVwiwrr Svo Its. 
Perflation —LECTURES ON THF APOCALTFSE By F D Maurice. Cr 
Svo Si. Cd . 

THE REVELATION OF ST JOHN By Prof 17 Milligan Or Svo 7« Cd 
LECTDRES ON THE APOCALYPSE Bv the same Cr E10 Bs 
DISCUSSIONS ON THE APOCALYPSE By the same. Cr 8vo 5s 
LECTURES ON THE REVELATION OF ST JOIIN By tery Hev C J 
1 apgiui. 6th Ld Cr Svo 10s Cd 

"WRIGHT —THE BIBLE WORD BOOK. B) 77 Arms Wright Cr Svo 7s 6d. 

HISTORY OP THE CHRISTIAN C H URCH. 

OH^THAhL-HIB TO H r OF TOP CHRISTIAN CHURCH DURING THE 
FIRST SIX CENTURIES. By Ven 6 Cut exham, D D Cr 810 10s 6d. 
CUNNmGHAM-THI GROtTTH OF TOE C5HUP0H IN ITS ORGANISATION 
AND INSTITUTIONS By Rev Jour Cckm*ioiiam Sio 9$. 

0F ASr A A METHODICAL SKETCH OF 
OtwvivmrAjr Cr Svo 'Ci 

DAI^.— -THE SYNOD OT ELVIRV, AND CHRISTIAN LIFE IN THE FOURTH 
, f CENTURY By A. W 77 Dam. Cr 8ro 10s Cd 
HARDWICK. — WorVs hy Archdeacon Hap nwiras 
A HISTORY OF THE OHFISTIAN CHURCH MIDDLE AGE Edited hy 
Bishop Btcbbs Cr Svo 10s 6d- J 

° r JFfifPISTIAN CHURCH DUB IN G THE REFORMATION 
*2,' Srtmra. Cr Sio 10s Od 

HOBT — B’orks by the late Prof F J A Honr. D D 
TWO DISSERTATIONS 3 ON MONOfEMl2 0EOY IN ®fTRTPTTTTtt' ivti 
TRADITION II ON TOE "TONsSnWNOTOLITAN - ORTPD avd 
OTHER CREEDS OF TOE Poffi wOTI tio SM AND 
LTCTURFS ON JUDAKTIC CHRISTIANITY Cr Svo u* n, p... 
LECTURES ON EARLY CHURCH HISTORY & lie 
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KJLLEN —ECCLESIASTICAL HISTORY OF IRELAND, from the earliest date 
to the present time By W D Killfr Stols S\o 2as 

SIMPSON —AN EPITOME OFTHfi HISrORY or THE CHRISTIAN CHURCH 
By Rer W Siitrsoh 7th Ed Ecap S\o Ss Gd 

THE CHURCH OP ENGLAND 

ALDOUS— ' THOSE HOLY M1STER1E& By Ret J 0 P Aldoub Pott 8vo 
Is net. 

CATECHISM AND CONFIRMATION By the same. Pott 8vo Is 

BENHAM —A COMPANION 10 THE LECTION ARY By Ret W Beniiaji, 
B D Or 8t o 4s 6(1. 

COLENSO —THE COMMUNION SEPYICE TROM THE BOOK or COMMON 
PRAYER With Select Readings from the Writings of the Rev T D 
Maurice Edited by Bishop Cole.nso Gth Ed 16mo 2s Gd , 

MAOLKAR — Works by Rev G F Maclpar, D D 
»A CLASS BOOK OF THE CATECHISM OF THE CHURCH OF ENGLAND 
Pott 8yo Is Gd 

*A FIItST CLASS BOOK OF THE ABOVE PottSio Gd 
THE ORDER OF CONTIRMA1ION With Prayers and Del obons 32mo Gd 
FIRST COMMUNION With Pray era and Devotions 82nio Gd 
’A MANUAL OF INSTRUCTION FOR CONFIRMATION AND FIRST COM 
MUNION With Prayers and Devotions 82mo 2s 
*AN INTRODUCTION TO THE CREEDS Pott 8\o 8s 6d 
AN INTRODUCTION TO THE THIRTY NINE ARTICLES [In the Press 

PROCTER —A HISTORY or THE BOOK OF COMMON PRAYER By Ilea F 
Procter. 18th Ed Cr 8\ o 10s 6d 

•PROCTER— MAOLEAR — AN ELEMENTARY INTRODUCTION TO THE 
BOOK OF COMMON PRAYER By Rev F Procter and Rev G F 
Macli* Ait, D D Pott St o 2s Gd 

VAJJGHAN— TWELVE DISCOURSES ON SUBJECTS CONNECTED WITH 
THE LITURGY AND WORSHIP OF THE CHURCH OF ENGLAND By' 
Very Ret C J Vaughan Fcap 8vo Gs 
NOTES FOR LECTURES ON CONFIRMATION With suitable Prayors 
By the same Pott 8vo Is Gd 


THE FATHERS 

CUNNINGHAM.— THE EPISTLE OF ST BARNABAS Tho Greek Test, tlio 
Latin Version, and a new English Translation and Commentary BvBet W 
Ccnniroham Cr 8vo 7s Cd 

DONALDSON— THE APOSTOLICAL FATHERS A Critical Account of their 
Genuino Writings, and of their Doctrines By Prof Jakes Dorax&son 2nd 
Ed. Cr 8to 7s Gd 

GWATKIN —SELECTIONS FROM THE EARLY CHRISTIAN WRITERS By 
Ret Prof Gwatkir Cr 8to 4s net 

EARLY HISTORY OF THE CHRISTIAN CHURCH. By the same [In prep 

UGHTFOOT —THE APOSTOLIC PATHERS Revised Texts, with Introdue 
tions, Notes, Dissertations, and Translations By Bishop Lightfoot 8io 
Part I St Clement of Rome 2tols 82s Part II St Ignatius to St 
Polvoarp 8 vols 48s i 

ABRIDGED EDITION With Introductions, Tevt, and Transitions Sto 16s 

HYMNOLOGY 

PALGRAVE —ORIGINAL HYMNS By Prof F T Palorate. PottSio Is bd 

SELBORNE —THE BOOK OF PRAISE By Earl of Selborne 2s Gd net 

WOODS— HYMNS FOR SOHODL WORSHIP ByM A. Woods PottSio la hi 
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